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ABSTRACT 



The purpose o*" this project is to axainino th-^ 
applications of computers in education in the develooinj 
countries in general, and the cost-effectiveness of using 
computer-assisted instruction in secondary education in 
particular . 

The effectiveness ot CAI as a method of instruction 
and the cost structure of a CAI oystem using microcomputers 
as the delivery device in a Mexican high school are 
discussed. The cost of CAI is estimated and its cost 
-effectiveness and feasibility evaluated. The 
appropriateness of this new technology to the Third World is 
also examined. It is found that CAI is not cost-effective 
or feasible for Mexican high schools and its 
appropriateness to the Third world countries is .^Iso 
doubted . 
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C^^PTER 1 
INTRODUCTION 

1 . 1 The Proble m 

Since the first cornputer-assi sted instruction 
system was programmed and the first known CAI experi.nent 
conducted by three IBM researchers in New York in 1958 
(Mato'/ich , 1973) , the computer has been used as a means of 
instruction in education. Recent technological 
breakthroughs in computers, especially in the development of 
microcomputers, noi: only reduce the costs but expand the 
capability and flexibility of computers with respect to 
instructional applications (Toong & Gupta, 1982). h recent 
study points out that the cost of computer logic devices is 
fa ing at a rate of 25% per year and the cosu of compater 
meinory at the rate of 40% per year. W'lile oonoata tional 
spr3e<3 has ii'icrBised by a factoc ) t in ] ^--^tr^, ia zh^ 

saTie per iod , the cost , the energy coos j not i ca i-i 1 the ^ i :e 
o t CO npute r o E co noa r ib 1 e ;>o .ve t h \ j ? 1 C' ^ c e i ; 'A hy ^ l \ : to u 
of 10,000 (Toong & Gupta, 1982). With this huge reduction in 
price, it is not surprising to see that co.npatecs, or C^I 
3 re being used iac r ? a s i o j 1 y in all '--^/^'^^ of ^^hi^^ti ^o 
or ov id ing i nd i v idu3 1 i 1 i a s t r: ac t i on to s t uden t s i a 
^or^:tically every sabj.v't -^r-?'^, .lad tli^^t th.^ii * i.> . 'M 
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documented as effective (Thomas , 1979; Edwards et al, 
1974 19*75) • According to one study (Thomas, 1979), it is 
predicted that during the 1980s the majority of secondary 
schools in the U.S.A. will use computers for some 
instructional purposes . 

In view of this huge reduc :ion in computer cost and 
its increasing use in the developed countries, one wonders 
whether computers can be used effectively in education in the 
Third World. As d mented by some studies (Jamison & 
Leslie, 1980; Amove , 1976) , educational technologies like 
TV and radio have been successfully implemented in the 
developing countries to help alleviate certain educational 
problems. One of them is tl.e continued rise of educational 
costs. The purposes of this project is tnus to examine 
whether Cnl as a new technology which is delivered by 
microcomputers can help to reduce the educational costs of 
the Third World so that the quantity and quality of 
education in these countries may be improved. More 
specifically, the cost-effectiveness of ths CAl sy3t.?n, 
rrplali/v^ to the tcad i tional of inscr-,!- > )i i ' ^ 

?xaTiin'?d in secondary e;.]ucdtion in Mexico. As i'ms pr.^^jlen 

so oonplex, and h^irl dat^^ ^re not re-^Jily i iT T)-^ to 
the writer, this study can only be tre^tei as a peel i n in a try 
one and fur ther resea trches on thi s area will ha ^e to be 
^ofi luc te<l in future. 

\ , 2 Need and ^Scqpe^ of ^the _Study 

Althonjh the a-'; 5 of conputt^L te<:hav> ' o^j y in I'li 
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Third World has been examined (U.N. ,1973), its application 
in the educational field is not yet widely documented. As 
findings on both the effectiveness and costs of CAI system 
in the developed countries are so encouraging, as can be 
seen from some recent studies , e.g. Kerr, 1977; Thomas, 1979; 
Levin & Woo, 1980, there is a need to examine whether it is 
also cost-effective in tne developing countries so that data 
can be available to policy makers of these countries before 
any decisions with regard to the use of this new technology* 
in totally different social, economical, political and 
cultural settings are mado. 

Du to the limitations of the writer's resources-- 
in terms of time and availability of data, tne scope of thi*^ 
study is necessarily limited. In this paper only 
computer-assisted instruction will be discussed, without 
examining all other types of computer applications in 
education ,e .g . computer-managed instruction. Also, the 
study will forus on the use of CAI in secondary education, 
mainly 'oecause of the writer's own experience as a high 
school c^irh^r'. '>Io empirical study ,*;a5 carL'i^l uit but th^^ 
cost-ef Eecti^eness of CAI is 3xarined using a hypothetical 
case base 3 on viata irawn Ero.n Mexico. 
1 . 3 Methodolo gy o f_ t h e _S t u dy 

The focus of this study is on the 
cost-effectiveness of ^he apt)! i ' ation o f CAI i n t ^z- 
leveloping countries. One tne nature of thi^* oi:ojc*^t , 
no eapiric^l r3seaL-ch has >^^il]c* >1. "^h.^ fnliowia; 
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methods were used: 

(1) Relevant literature were gathered and 

r ev iewed . 

(2) A questionnaire was designed and sent to 24 
computer manufacturers in the U.S.A. to solicit infor^nation 
on their sales ot computer software and hardware to the 
developing countries for educational purposes. 

(3) Personal interviews were c( iducted, the 
inter/iewees being teachers of selected Third world 
countries ani researchers of organisations who monitor 
developmental problems of these countries (e.g. The 
International Development Research Centre in Ottawa, 
Canada) . 

(4) Using data obtained from (1) to (3) , cost 
components of a CAI system, utilising the microcomputer 

as the delivery device in a hypothetical Mexican secondary 
school were estimated. Its cost-effectiveness, compared to 
the traditional instructional method was then eval ua ced . 
Its cost feasibility v^s also examined. 
1.4 Defin ition o£ TeL_m3 

There are sono key t^rms in this pap>^t tbiL iiav'e to 
•defined first. The ^re : computer; computet:- vss i st^^ 1 
instruction; aad developing countries. 
1.4.1 Comp ute r 
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In this project computer is defined as a device 
that "accepts data, performs operations on that data in a 
sequence decided by a program and outputs the result" 
(Ruggles et al, 1982 ,pp .64-65) . 
1*4.2 CAI and Its Modes 

In the literature that the writer has surveyed, CAI 
is defined differently by different Vvriters mainly due to 
different purposes. Basically they can be grouped as a 
broader or narrower definition of CAI. 

In the broader sense, CAI is defined as the direct 
use of the computer (large-scale computing system, mini- or 
micro-computer) for the facilitation of learning -- i.e. the 
computer is used to make learning easier and rriore likely to 
occur (Burke, 1982, p. 16) . According to this definition, 
there are at least four modes of CAI (Ma tov ich , 1973 ; Coburu 
et al,1982) : 

(1) Drill & practice 

The most common and best known application of 
CAI is drill and practice. In tliis 'nocle students ^re 
assi.jna] by toajh^rs to ase the CM oroji-a.iis foe .1 c i i . ^'vi 
practice in de^elopinj particular s^3^ ; of dis^^ret.: skills in 
inathoiTia ti 'js , realin^j, ^^p'^llinj or otlier o^si^^ ^kiV ^r-^^^. 

( 2J Tutorial 

In this CAI Tio^^e, the conputer inshra.^ts the 
sl:L3ent in sons areas of kn.:)wl:?lje in sonewh^t tlie s ^ ne w.ay 
as 1 tei:her wooll in n one-^to-one situition. M(*)st tiitori.-il 
pro J r a-rs r ^ i 3'"^ ^ im 'c i .1 i i i ^ j ii . 
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(3) S imul at ion/Games 

In this moae, the CAI program imitates a real 
or imaginary system based on the modeller's theory of the 
operation of that sys:-em. Students are thuc given 
opportunities to play life-like roles and to take part \n 
the decision making process in realistic settings^ 

(4 ) Problem Solv ing 

In this mode, students generate their own 
problems through the computer and provide their own answers 
with the aids of the computer. 

For the narrower definition, CAI is defined as such 
only when the computer presents the materials, guides, 
directs and tests the student throughout the learning 
process. Based on this definition, only drill and practice, 
which is designed to assist the student in maintaining and 
mastering a skill, and tutorial, which is designed to assist 
the student in acquiring a skill would be included 
(Matovich, 1973; Doerr,1979) . 

FroD the survey of literature, it seons ^-hit most 
of the vvtriters use CM in . )ro i<^er sens.? ^n.l l•^ "nis 
project CAI will be t^ken to trece' to the bro.i«U?r .1.? f i n i 1 1 oa 
^•lich inclaJes the f()^ir: nol3s of i n s t r lic t i ori th^t hiv.? 
just d i scuosed . 
1 • 4 • ^ deve loping Coun try 

When v;e talk ^ooat o i j .^ount'is, r ^d^r t.^ 

aboat one hunciro^l a^ti i .^h o^.m' in noa.^y iiv-one. 

\.''«jor<ling to a ri^^^^nt ijs^'' ^^);r';: (\)^]), i^^ '•'^[^•'ij 
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countries include all countries in Central an(3 South 
America, Africa (except South Africa), Asia (except Japan 
and the Asian republics of U.S.S.R.) and lands in the 
Pacific Ocean (except Australia and New Zealand), The 
average annual per capita income of these countr ies ranges 
from U.S. $100 to $600, but the most typical is about $100. 

These countries are char acter ister ed by the 
predominance of an agricultural sector and the 
underdevelopment of the manufacturing and service 
industries, high population growth rate, high illiteracy 
rate and at least 20% of the economically active male 
population are unemployed, and a much higher percentage 
underemployed. On the whole, the developing countries lag 
far behind in all aspects of social and economic development 
than the developed ones. In this paper, developing 
countries, developing nations and Third World are used 
interchangably . 

1 , 5 Organis ation of this Paper 

This project is divided into eight cli ^oh^^r: s . in 
t>.3 following chapter a ftr^mework o 1; .vh-Lh^c: CM i 1 
iisel in secondary schools is discussed. Chapt-?r t'lr/^^ is i 
f'i/i.''3vV o£ literature the cost-e C f t i ^enes^3 ^'T ; -i 

leveloped countries. A general description of some 
olucational oroblenas in the Third World, with sp-»ci6io 
TiF^cenoe to c^vlucat ional oov/erty will b-^ ^ tteiTipt^e^i la 
fallowing chapter. In .:hapter Ei^^e Lhe appl ic^a t i on s £ 
*M'ipMl:ir's ill 'c'le Jo^o^opinj coaiiufl?-; vill b? li*>f'a;;^l; 
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this is followed by a cost estimation of a CAI system as , 
used in a Mexican secondary school in chapter six. A 
discussion of the appropriateness of CAI in the developinq 
countries comprises chapter seven, while che last 
chapter summarizes the whole project and draws 
conclusions. A few recommendations are then made. 
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CHAPTER 2 
SHOULD CM BE USED IN SCHOOLS? 
A FRAMEWORK FOR DISCUSSION 

2 . 1 Introduction 

During the past ten years, different CAI modes 
(drill and practice, tutorial, simulation and problerr 
solving) have increa singly been used in education in the 
developed countries . However, the increasing use of 
computer doesn't mean that it can be justified on 
economic or instructional grounds. Also, it does not 
imply that CAI can be used effectively by teachers. 
Disappointed by the nnisuse of computers, Papart & Solomon 
(1972) wrote," How strange, then, that computers in 
education should so often reduce to using bright new gadgets 
tij teach the same old stuff in thinly disguised versions of 
the sdTie old way." in view of this, I v;ould like to liscuss 
brif^Lly ^hy ancl in /i^t ' 1 u : j ns tances C^I should or 
shoal 1 not be us-3d in 'Schools. A fraiiework for exaTiininj 
the aso ol coinputets in '^]ucation is tHst:u3seJ hera b^^Loce a 
1 i ter ature rev iew of the cost-e f f ec t iveness of CAI is 
atteTiptel in i:h? noxt (.'•'n aote r . 

^1 i s<jtas3 i wh'5 ther ro.aoaters snould b^i uso l in 
iH'i^'ition, Mil<V3r n V) ?r j '-^c (1977) sugjcst th^t w^^ 

sh ju"" 1 oKinine ch : f )i ' >',mij hh^' ^ ? Fv:hors: 
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(a) Whether the use of computer for instruction is 
essential and there is no other competitive method for 
accomplishing the same results. 

(b) Whether the computer has certain unique 
characteristics which can provide important instructional 
capabilities and 

(c) Whether the computer is simply the most 
economical way to perform instruction which may be done 
equally well by other methods. 

Only after we have carefully evaluated these three 
factors can a decision on whether CAI should be used in 
schools can be made. The following three sections discuss 
these three factors in more detail while in the next chapter 
empirical research findings will be reviewed which provide 
concrete support as to whether CAI sViOuld be adopted. 
2 . 2 Factor One; Is CAI Essential for ^ I nstruction? 

There is no doubt that the computer is essential 
to education in certain areas of studies. Whon the 
'^onputer itsalf is a subject of study (e.«^. chie 'level opri.^nt 
u ^at')i^J:.^l ^ysteii, pro j ra-nnin*; I iivjuajt^ -^tc.) nt w'l mi 't- 
is as a tool (e.g. for the nanuipul ^ t of Mrq>> 
a:ioont of >lata in statistical analysis), is sujj^'s',. 1 
Taylor (1930) , the use of the coinputer is essential an.i i:ht?re 
is really no other substitutes. 

The simulation node of CM, i.o. tn? si'.M^ \\ loi 
of reality is also mi quo :m nil h r^. T r i> 
s jbs L i 1 1] t :^s . S'] 7h 1 s i >va ' r. i ) n i ; - ; > 1 : i \ ' \ v • r » 
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to instruct students about a rpal system or about real 
world phenomena which are unavailable by other means, 
e.g. the training of pilots or nuclear power operators. 
Also, computer simulation of science experiments can 
provi3e learning experiences that might not otherwise 
be available because of such factors as safety, equipment 
cost or availability, prohibitive set-up time or simply 
inconvenience (Milner St Wi Idberger , 197 7) . 
2 . 3 Factor Two: Does CAT ha ve Unique Instruct ional 

Capabili tis? 

Computers may be essential for learning a certain 
skills and in certain levels of education. However, at the 
secondary level, it may not be essential. Although not 
essential, it provides yet cert^'^in unique and intangible 
benefits to instruction which can not be provided by other 
methods of instruction (Hickey , 1968; Carnegie Commission on 
Higher Education , 1972 ; Ma tov ich , 197 3 ; Milner & 
Wi Ifiberger , 1977 ; Rah-n low , 197 8 ; Doerr,1979) . 

The ^injlo laost powerful r ^^son for the use of 
co'nput^L" in ':h3 i o ^ .i • L L 1 pr^'^cess is its pocenti^i co 
i a H idual i se leicninj. I'-j i i / i.iual isi aj is 'na.le possible 
because of the one-to-oni^ inter ^:tion betv;een the jonpater 
and the student. Because of this, subject matter and the 
level of difficulty can be t^il^^r^d to the unique l.^arninj 
needs of ind i v id n^. 1 1 .^a r ner s . so , s i n{;e the s.'^'nool 
Vl n i n i s tr a t i on is not imvis h r ^ i n i: > 1 by a ' i;k T i n s r :i M:o r s , 
)fi 3 coi3c sewar 3 is - n u^f i m i - y i 1 1 ' ib l ^ ) c ^ ] i b.i .-;r i e i 
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by teachers, CAI offers a richer variety of courses for 
students to choose. Each student therefore can follow a 
course of study at the pace indicated by his own ability. 
This can eliminate the common classroom phenomeon where the 
slower students cannot catch up while the faster students 
have to wait and waste their time doing nothing in the 
classroom . 

According to Milner & Wiidberger (1977), an 
important characteristics of any individualised 
instructional system is its responsiveness. Due to the 
flexibility in instructional procedure, the CAI can have 
complex multi-level branching to remedial or advanced 
instruction based on student's performance, which is only 
made possible by the use of computers. Also, when working with 
the coraputer, student has the sensation of full 
attention from a tutor which is never impatient and never 
fails to answer him. 

Another unique benefit of ZAl is that it :n^y permit 
scu^ents to ^ : i: h-^^jhers in3 .^s o^cplor^rs of knowledge, 
VDpijir'y :i t'lf pf r)Len solvinj n > 1 ■? of CM i tsc co-: tion . 
In this ^no^e, stai ants c.^n as>^ t;'ieir own ways to tackle 
pcoblens th'jy hav'e jeneca te.l for .:hinsolv(?s inJ ^i th 
mathodolog ies that they invent for tliensel ves . For exanple, 
probleTi solvinj by asinj the Lo^jo or j r an^n i n-j lan^juije may 
encourage s tu3en ts to t i nk , ^: cea to ok or ^ ss the i r o wn 

i leas {Pap?rt , 1030) . Ac:orli.i j ;-o Mi'n^r ^ .JiMb?rjer 
(1977) , co'npat i ivj is i a 1 1 ] : ^ i m ^ ^ ^ > ' /i ^ \ p c ^ 5 mi n r 
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ideas because it provides immediate feedback of problem 
solving efforts, a precise language expressing problem 
solving processes and new forms of expressions for oli and 
new ideas. 

Geographic flexibility of CAl is also a benefit to 
students since they can learn at remote locations. With 
the large computing systems, students can also have access 
to exper ts through the systems that they could no t normal ly 
interact with previously. Also, validated materials produced by 
master teachers can be available to students which may then 
improve the quality of instruction (Rahmlow , 1978) . 

The unique capabilities of CAI that we have just 
discussed all provide benefits to students. As for 
teachers, there are also some advantages. By assigning 
students to computer terminals where they can liave drill and 
practice or tutorial lessons, a great deal of trouble of 
repetition for the teacher is taken away. Also, there is 
more time for teacher-student coota^rt. Tlie tex t-ed i t i nj 
capab i 1 i !: l'3S of tha -oi^r^'it-^r a'=;i th? t-^aclior to 

r ev i se .^n'3 ap:l ace *i ? i i ^ . • i - !: l > n ^ i m L-j r i ^ 1 s c j 1 i e i y 
easily, t:'nus encoar ijivj ^r.e]n?nt t^iiiij'^s of actual ni?:eriil^ 
ise 1 for i n St r ac ti o ri . \ i s i »: v. H L.) . i s t r ac t i oii : 
the record keeping capabili':y of certain coinputers 
^'lic'n allo//s teachers to k ^ ?p tr^^k nf 

pr^j'jress of their stader^ts thit f ^i?H\i or vK* m -t^l 
insc.ra^tioo >:an be pr')v'ile3 for 'i ^ a 1 v , ^ 'V . 
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capab il i t ies , one has to be rem inded that there are so tie 
limitations to using it in education. 

It is argued by Rahmlow (1978) that shuuonts m.^y 
have a feeling of isolation when they have co work with the 
terminals alone. If the educational objective of the 
school/educational system is to enhance students' 
inter -per sonal relationship on a face- to- face basis, 
individualised compu ter-bdsed education would not be a 
good method of instruction. 

Another limitation of using computer in 
instruction, which is really not unique to it, is the 
problem of malfunction. The breakdown either of the system, 
or the communication links between the computer and the 
terminals can be very frustrating and repair very time 
consuming. However, this inconvenience will ni'iimis«^.l 
when microcomputers are used to deliver he CAI since they 
are all stand alone computers; a breakdown of one will not 
affect the ot'necs. 

Finally, CAI pr^i ran - i • ^ i > ^ i >y !- ^ . A 

p 3 c i od o f 1: ^ a i 1 i n J i s r: ' ^ ] ] i ^ 1 ^ - - . . i ; \ 

progcam. The oroiuction of soplvs^^! ^1 )\\ m . r > 

c ? '^u i res exper L i ^e in i:he sub j L ^. i : i m i i ] . . » i j : . m 
programming, or else the computer wll^ sinply b ^ '.c ao 
electronic ' paje- turn * '^'^.ly. It ir I 

( l'^7 5) that CAI is still so .1 i f f i ^ 1 1 i to -in);' i - mT y 
because tb ? ha rl.v^r? nil ^•;oftv^i.^ nnAi be • ' 
bicaase tb ? to a r ^ j .,m r >j ij^t be ^n.abi ^ ^] . : 
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achieve a thoroughly dependable and effective 'teaching 




system*/ no: just a 'computing system' (p.475) . 




On balance, the limitations of CAI are far 




out-weighed by the benefits, which are really unique to 'ie 




computer^ We will provide some empirical evidence on the 




benefits of CAI in the learning process in the next chapter 




2.4 Factor Three: Is CAI Cost-Ef fective? 




Even if '^AI is essential in the learning of certain 




skills, or it provides ce/tain unique benefits to 




instruction in secondary ^^durption, we still have to examine 




its cost-effectiveness before deciding whether to use it or 




not. Cost effectiveness is a relative term. Whan we measure 




the cost-ef fectiveness of the CAI, we have to measure the 




chinge in its desired output (e.g. in terms of achievement. 




enrolment , etc .) and ics cost and compare this with the same 




variables of other methods of instructions — be it 




traditional, TV, r ad io , e tc . ( Car noy , 1976 ) . Expressed ^s an 




equation, the comparison could be written as: 




Outpu'c {CM) > O'itput (Other '^lithol 




Instru.;l \ .^n) 




Cost (CAI) < Cose (Otn M ^ I: ^ of 




Instead t ion} 




Whether CAI could be a<3opted on economic jirounls ileponJs 




on the ::ost/output tratios of thest^ r.;o i^'/^^l^ 




•nstriirtion. If the CAI ratio is jrjii^r, i >>iM '.^e 




i 1oo:;e ] . 
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,ef feet i veness of the meti.^Js of instructions have to be 
meas»^red, which is in fact vary difficult to quantify, 
but the costs of the methods have to be calculated. In this 
paper, instead of trying to quantify the effectiveness of 
each method of instruction, we try only to examine whether 
CAI is more or is less effective than the traditional method 
of instruction and pay more attention to the computation of 
tae cost of a CAI system. In this section, we would like 
to outline the most important factors that we have to 
consider in measuring the cost of a CAI system. A 
detailed breakdown and computation of the system will be 
found in chapter six. 

As suggested Austin (1975) and Kearsley (1977), 
when we try to examine the cost of a CAI system, the 
following factors have to be considered: 

(1) Firstly we have to consider the type of CAI 
system involved because different type of CAI 
system will have different cost coinpoiien ts . At ^s-^nt 
t'i?re ^r- three types of C^I syst^ns: 

(^) Th ? first one is 'rhi Lai:j3 s .^1 ? ^ ^ \l ^ 
5yst?Ti. There is timt? shared CPU (C^?ntral Pro^^^ssl.v: 
U-n i t) th ^ large number of cemo tely 1 oc L<^ 1 iio t i i 1 . 1 1 
is like a utility in that all cO'nputers anJ syste.iis 
or oj raiTi'ning operations are .nanajOi? ac a >:.^ntr^l f^Mli":/ iil 
i)oth the 3hud(?nts and ins c c ii:^ to r s s«i.i only th? t^M a i 1 -^^^ . 

(h) Th3 second one is ta? 'c i ^ ?- s'l h' .?d n i n i . n^)al m- 
.-^i^rrvinj only a s-nall aa-i^:?r 'a^n i-.^' i i ti 1 1 s , Ti^ 
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instructional materials and courseware are therefore mainly 
locally produced. 

(c) The last one is the stand alone mini- or 
micro-comnuter (processor) serving a single student at a 
time . 

(2) Besides the types of computer systems used, we 
also have to examine the types and levels of students that 
the CAI system is going tc serve. The types of students may 
include professionals like lo*wyers or doctors who have to 
upgrade their skills and update their knowledge; adult 
learners foL vocational training or disadvantaged students 
like deaf, blind or mentally retarded. The levels of 
education may range from elementary to adult education. 

(3) The third factor that we have to consider is 
the type of instruction that the CAI system provides. In 
other words, whether the CAI is used for mainline or 
adjunct instructions. As mainline instruction, the CAI 
replaces the existing Tietho'3 of instru.^^ion and therefore 
represents a r?placemGnt cost. Bat as Kljan:t i s i: r a - 1 i , 
it only servis as '^appl anent or eirich^^.Mit pnLp)So^3 ■ / ^ 
t'le cost rcBpres-^n cs an a.li-on cost. Tlias th^3 cosbs oi ch ^ 

I will '^ary, iepen.l i rvj on t lie typa oi i n s Lr a • t: i ^ -i . 

(4) The instructional quality ^ni complexity of the 
CAI v;ill ^1 affect costs. CourS'-3S whi^-h involve e'sten.^iv*? 
1 J 3 io r J r ip'i I ^ oo nooti eri ts , r e^ne 3 i \1 or ?nr ich non t: 

^^^qa jn ^ , - ^ i n: i v^e 7 ^ 1 s of -1 i f f i - ^ ] ' ty or s 1 1 ^ ^ 

- 'o n u r ) 1 fe 1 ; 1 ' ; 1 ■ 1 ' ^ ^ ] j 1 ^ i > r ^ .m' . > j c i n li i j ) > - ' ^> 
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citne anu therefore will affect the cost. Thus, we have to 
take the mode of instruction into consideration when we 
examine the cost. Generally speaking, CAI programs of 
f^rill and practice and tutorial need less programming time 
than simulation or problem solving modes and therefore are 
less costly, 

(5) Finally, the number of students using the CM 
programs i3 also a factor that one has to consider in 
examining the cost structure of a CAI system. If 
sufficiently large number of students use the same program, 
then economies of scale may result. 

The above five factors are only general guidelines 
used to evaluate the costs of a CAI system. Detailed cost 
breakdowns and the computation of cost components of CAI 
^ill be attempted in Chapter six while some einpirical 
studies on the cost-effectiveness of CAI in the developed 
countri3s will be reviewed in the following chapter. 
2 . 5 Summar y 

In this ch^pt ^tr l h-^ve tri^H to pr:o>-il? i ^i'^n»^woL-k 
v;hich iTiay facilit.^t^ che di'3cassion I: ca ^ • i c ; i >l 

computer in e-laoation. Before rle^^i.iinj wh^:^t:'T^'' ^^.hniiKi 
be i3se'3 in schools, we havj tn c^^nsidor the ^ ^ r.i.M,.vs. 
These factors are (1) whether is is ess3nhial to us ^ CAI for 
instruction ,(2) ;hethv?r CM is unique and ?. ? f.-r tisj for: t'v^ 
sabj.?ct areas aO'ler our cons r 1 1 i on and (3) /i^thM- i i: 
^ )st-ef feet iveness . Only vi th 'i ^l'.?.-;r a i lo r ^ i i 1 i .i ] 
fir^t 'c ^vo factors ^/il"' Mvin'ii-w iiot b^-? n i . > ' 1 i 
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schools. An examination of the third one would provide us 
with an idea of whether CAI can be juscified on economic 
grounds^ which is crucial^ especially for those countries 
which are lack of funds. 
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CHAPTER 3 
REVIEW OF LITERATURE 

3 . 1 Introduction 

In the last chapter we pointed out that we had to 
examine the effectiveness and the costs of a CAI system 
before deciding whether it could be used in schools. In 
this chapter empirical studies relating lo these two areas 
are reviewed. 

3 . 2 Methodology of Review of Literature 

In the survey of i:elated literature, two areas were 
identified. One was the effectiveness of CAI, in terms of 
students' achievement and reduction o£ learning time and the 
other one was cost. An ERIC computer search was carried out 
in September 1982 on the application of computers in 
education in the Third World. Only three articles were 
i'ientiEied, but none o£ th'?se ha^l any specific referen.^o to 
the v^ost- ?'iess o£ C\l. An lORC ( I n u.^c na t i o i i 1 
Develop neat ? :irch ntro) conoater so \cch (on UNESCO an 1 
BlrlLlOL tiles) was catfLi^l oat in January 1933 in Octawa hot 
the result was also very disappointing. The writer 
thecf^forre 'i^s l:^ v^onol utle that (f^ithet: no enpirii^^l rreseart^li 
has bo'^'i ^onlairte.l in this area or the i:es?at:ch fin.linjs are 
not pnS"^ '-;*!'! ^^] 'rh'r<)rii ire ^^^t av^ii'iM? to tlw writer. 

S i '1 ' J 1 ) f '^" 7 ; 1 1 1 r ^'i") r; ts MS ! 1 ; ) i Lhe 
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developing nations were identified, what follows j.3 only a 
review of the cost-effectiveness of CAI in secondary 
education in developed countries only. The identification 
of relevant literature was pursued in the following ways: 

(a) Two ERIC indices — CUE (Current Index to 
Journals in Education) and RIE (Resource in Education Index) 
between 1978 and 1983 were searched and all relevant articles 
were identified. 

(b) A namber of journals which normally contain 
research or articles related to computer in education ,e .g . 
The AEI^S Journal , Educational Technology in the past five 
years were completely reviewed, 

(c) A nuTiber of studies which reviewed research 
findings on these two areas were identified. Some of the 
research studies quoted in these review articles were 
further reviewed by the writer. The present review of the 
effectiveness of CAI i^ummarizes the findings from the 
following raview articles: Hickey,1968; Suppes & 
Mornin-istar , 1969; Ma tovich, 197 3; Edwards, Norton, Taylor, 
Van Dasseldorp & Weiss, 1974, 1975; McDougall , 1975; 
Stakenas St Kaufman , 197 7 ; Thonnas , 1979; and Dence,1980. 

(d) As for the costs of CAI, only those studies 
which are relevant to the present study are reviewed here. 
^ • ^ effec tiveness of CAI 

• ^ • ^ Achi evements 
3.3.1.1 C^I^ as Supplementary ^Instruction 

Studies on th'f o f f ec t i \/eness of CAI, in t^trns of 
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students* achievements in secondary education prior to 1970 
were reviewed by Suppes & Morningstar (1969) and subsequent 
reviews of research were carried out by Jamison, Suppes & 
Wells (1974), Edwards, Norton, Taylor, Weiss & Van 
Dusseldorp (1975) and Thomas (1979). Most of these studies 
showed that students exposed to supplementp.ry instruction 
through CAI performed at a higher level than those students 
not so exposed. Table 1 summarises these findings from 1972 
to 1981. 

As shown in Table 1, the data on achievement was 
very encouraging. Of the total 14 studies reviewed, the 
majority showed that students receiving CAI achieved more 
than non-CAI students. In some cases, the results wera 
quite remarkable. For example, in a research conducted by 
Broder ick (1973) in London, the performance of students 
taught Biology by a teacher usinj CAI was compared with that 
of students taught by the same teacher without the aid of 
CAI. 440 students from seven secondary and grammar schools 
participated in this study which for shaven weeks. 

Pretest and post test were 'iJnin i sh-^r 3 1 . it was found th.^t 
C^^I students of all ability levels <jained hijher scores on the 
posttest than comparable non-CAI studants. For exanple, the 
average gain for girls of the CAI groups was 13.97 points in 
the raw score while the non-CAI girls only jained 6.88 
points. The gain of the CM group was statistically 
significant. 

In other sabject ar 3^^s anl for .1 i f f r l jrcios of 
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Table 1: 


Studies th'::it 


i iivolved CAI 


as a Supplement to 




Traditional 


Instruction 


in Secondary Education , 1972-81 




Study 




Year 




Mode 


Subject Result* 




Dunn 




1972 




Tutorial 
D & P 


Algebra + 




TaylDr, Hansen 


1972 




D & P 


Math + 




tt Brown 














Broder ick 




1973 
1974 




Tutorial 


Biology + 




Fi tzerald 




1974 




Tutorial 


Reading = 




Johnson 




1974 




Tutorial 


Math 




Hughes 




1974 




Simulation 


physics + 




r-lorgan & 




1974 




D & P 


Algebra + 




Richardson 














Bukoski & 




1975 




D & P 


Math + 




Koro tkin 














Fr icke 




1976 




D & P 


Ma th • , Reai ing + 




Wolcott 




1976 




Tutor ial 


Typing 




Toggenburgh 




1977 




D & ^ 


Ma th . , Re a 1 ing 




McDan iel 










La iguage a t: ts 




Miller & 




19/7 




Simulation 


Careers + 




Randolph 














Wr igh t 




1977 






Math + 




Poore at al 








Tuto rial 


Basic Ski 1 1 + 
M3 th 




Note: a 


ti ^ ti 


sign in H 


cates th.^t the students receiving CAI 




hi 5vo<l nor 3 




M 


> t n 1 Ml i:s . 


^ si jn inilirat(^s 


o 

ERIC 


t'v^t ':h ^ skuiijints in * )1 ' 


.^1 in CM M^ 


T ^1 1 , whi 1 e an 
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learners, the effectiveness of 'the CAI was also documented. 
Fricke (1975) used the Computer C'lrriculum Corporation's 
drill and practice programs in Mathematics and Reading 
in a school of the deaf in Pensyl>^ania in 1975, 
The CCC is an outgrowth of work done at the Stanford 
University in the mid-60s where programs in the areas of 
mathematics , read ing and the language arts are being 
developed. With an average speeding of 1,7 hours per week 
for a school year (175 days) , the middle school students 
achieved an average 1,3 and 0,4 grade level gains in 
Mathematics and Reading, respectively. High school studrits 
showed a 1,1 grade level gain in Mathematics and a 1.3 
average grade level gain in Reading, 

In another study (Miller & Randolph, 1977) sixty 
nine-grade students in a junior high school in Missouri 
participated in a study designed to investigate the 
effectiveness and feasibility of the utilisation of a 
computer-based simulation approach in the presentation of 
occupational in foriTiation . Coinpared with the non-simulation 
treatment, the mean scores for the ^jroap which experienced 
the CAI simulation lessons ware si jni f icantly hi^jher on 
cognitive achievement and occupational awareness (at 0.05 
significant level) . 

CAI is also effeotiv.^ in cin^^.l ia t ion . In tiie study 
conducted by Poore et al.(1931), the PLMO Basic Skills 

th-i nat ics Lessons v;ere us-^l in *:'ir^-? hijh s^-^hool s in 
Florida for remediation. The P'j\ro is an insLr a.^tional 
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curriculum developed by the Control data Corporation to 
enable functionally illiterates to achieve eighth-grade 
level of competence in reading, mathematics and language 
skills. A total of 236 grades 10-12 students who failed in 
the Florida Statev^ide Assessment Test were chosen to 
participate in this study. Pretest and posttest were 
administered, using the Level II (Form A) of the Adult Basic 
Learning Exam to determine the gains from these CAI 
programs. After spending an average of 20 hours in the 
CAI-mathematics lessons, the gain of the median scores for 
all students was 1.5 grade equivalents. For students 
completing tlie entire curriculum, i.e,, after spending 22 
'.lours in the mathematics lessons, they gained 2.4 grade 
equivalents. The result was quite remarkable. 

From these studies, we can see that in jeneral , 
CAT is at least as, if not more effective than the 
traditional «-nethod of instruction when it is used as a 
suppl eiren t . 

3 . 3 • I • ? CM as a Substitute for Tra dit ional Instruction 
Fewer stuJ i es we re conduc ted to e<aiT) i :V3 wh 3 ther 
CM is as effective as the traditional netho3 of instruction 
wlien it is used as a substitute. The cesults obtr^iaevl were 
inconclusive. Although as can be seen from Table 2, 
which suriTiariS'^s studies that involve] CM ai^ ^ s;ibst i tate 
for traditional instruction from 1966 to 1974, CAI was 
as (? E f t i ^s tr ^ 1 i t i •'jn al ins traction i'^ ch'^ ; ^^^nl-3ry 
leyal, at other levels oJ: oJucatiofi, i.e., ^ t ^l^noiLary a. id 
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Table 2: Studies that invloved CAI as a Sub-^titute 
for Tradit'onal Instruction, 1966-74 



Study 



Year 



Mode 



Subject 



Result 



Johnson 

Diamond 

Cole 

Katz 

Morgan 
^junetta 



1966 

1969 
1971 
1971 

1972 
1973 

1174 



Problem 

'"olving 

Mixed 

D & P 

Problem 

Solving 

Tutor ial 



Math 

Biology , Read ing 
General Math + 
Ma th + , 



Algebra 



Siinul at ion Physics 
Si nul at ic^a ^hysi.'S 
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college levels, the results were less positive (Edward 
et al., 1975; Thomas, 1979). 

A study was conducted in four Philadelphia high 
schools by Diamond in 1969, In this study CAI in Biology 
and Developmental Reading was administered. The achievement 
o^ the CAI students was compared with students in 
traditionally instructed classes by using standardised 
tests. it was found out that in reading, the CAI classes 
performed significantly better (at 0,01 level) than the 
non-CAI classes. However, there was no significant 
difference between these two groups in biology. This was 
attributed to computer down-time and a lack of sufficient 
content validity in the standardised biology test. The 
difference in achievement between the CAI and no!i-CAI 
students was not attributed to the difference in ability or 
in teacher effectiveness since these two factors were 
control led , 

In a project called REFLECT developed by the 
Montgo.nery County Publi* Schools Systenn in M3L'yl an.i, U.S.A., 
the ef f ect i vene'^is of CM as a substitute Lo Lrarlitional 
i nst r ac t ion wa s s t u3 i f J ( Mo i: j an n Ri cha r i son , 1972). In 
this semester- Ion J study, it was cepor te.] Lha t students 
using the algebra CAI tutorial program for r ene^l i a t i on , 
«vithout tiie assistance of tha t.-^v^hi^r, achie^'cl 
significantly higher scores on sLan.lard i sel t?sl:s than those 
non-'C/\I students . 

Lnnetta & Blick(l 97 3 ) c)n;Mi-.-l the ^ f T.^ • t i ^ eness oC 
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CAI simulation in teaching force and motion in physics with 
traditional methods where students interacted with their 
teachers and with real laboratory materials or film loops, 
146 students with similar academic and socio-economic 
backgrounds were chosen from five public high schools in 
Massachusetts and Connecticut, The CAl students spent 1 
hour and 40 minutes at the computer terminals while the 
non-CAI students spent 6 to 11 fifty-minute periods in the 
unit, approximately 8.3 times as long in instruction time as 
the CAI group. Pretest and posttest with multi-choice items 
were administered. An analysis of variance (ANOVA) was 
conducted on the pretest-posttest scores for these groups. 
It was found out that learning was significantly greater for 
students studying the concepts through computer simulation 
dialogs than the other groups. 

Besides the studies that we have just reviewed, 
many educators support the application of the CAI in 
education because of its effectiveness. For example, 
Janison et al.(i974 , p. 55) roncladei aFct^r oonoarinj t'l-^ 
effectiveness of CAI, orro j Lv:a,:inei3 i nst r a t ion and tt^l i sion 
with tr -i'l i t i onal instr'h-:t:ion Lhat" CAI is about as _^ f: C^- ^ t i ve 
as TI [ tra(3 1 1 ional instruction] when use.l as a 
replacement..." Thomas (1979, p. 106), after reviewing 
stud ies between 1974-1979, also ^ )U.:1 uile^l th ^ t " \t t'l^ 
second a cy level tlie studen ts h ax's? shown higher KJh i ^ y .Mien t 
s.^or es whe the c ne -i sar e 1 by te j'/h ? r - i ^ le t " ^ , ) r >^ i 
pce'3icted \/ecsus actual '^•^eroo usluj r.?jL'^ssi ^a \a\ly^^i^ 
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methods." Other studies and reviews also conclude that CAI 
in secondary level is as equal or better than traditional 
method, in terms of student achievement. These studies 
include Fletcher, Suppes & Jamison (1972), Roberts (1976)/ 
and Dunkin (1977) . 

3.3.2 Reduction of Time for Learning 

From the reviews of literature that were undertaken 
by Edwards et al (1974, 1975) and Thomas (1979) / it was clear 
that CAI study reduced the time required for a student to 
complete a unit of study. According to Thomas (19 / this 
is likelv to be true since in the traditional method of 
instruction, students have to spend a higher percentage of 
'clock' time actually attendng to learning, waiting to be 
called on, and reviewing aleady learned material in a group 
setting. The studies reviewed by Edwards et al and Thomas 
are summarised in Table 3. 
3.4 Cost of CAI 

So far from what we have reviewed, it seems that 
CAI is effective in terms of higher achir^^.^.nen t and a 
shorter le^ir-iag time for students. In t'lis section, we 
would like to review studies relati-vj to the ^--osts of CAI, 
to see whether it is economical to use it in cl assrooins in 
high sciiools. A discussion of costs for computer applications 
in yiucation is complex due to the f.v:t Ih^t a x^^riety of 
factors have to be taken into accoant v;hich -^^re not yet 
i'jree'l ap )n by researchers. .'^ae ^ ' Mvnou ta t li-)!! 

•) f -average cost of CAI, a useful -iuiible i•^ ?XMiiniiVj the 
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Table 3: Time required for Students to Learn 
through CAI compared with Traditional Method 
of Instruction in Secondary School , 197 3-77 



Study 



Year 



Subject 



Result* 



Lunetta 
Hughes 

Solomon 

Goodson 

Wolcott 

Bachor 

Diedrick Si 

ThoTias 



1973 
1974 

1974 
1975 
1976 
1976 
1977 



physics 

Prograr for the 
Deaf 

Accounting 

Math 

T}ping 

Mrath 

Ignition 

Problems 



Note :* ao sign indicates 1 .?S3 ti.ae w^s r^^qairod by CAI 

students, v;hile an " = " sign i*ilit^it^is ths? sano tine c ^.^ui r.^l 
by both CAI and non-CAI students. 
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cost-ef fecti venes? of CAI. So far the computation of the 
average cost, say, the cost per studant con'car*" hour, is not 
based on a common formula. Some course components, e.g. 
the developnent of courseware, the management of the 
computing room, etc, may or ma; not be included in the 
calculation of costs in these studies. Thus, we have to be 
very careful in examining the results of these studies. 
There are som.e review articles on the cos*:s of CAI which may 
be of interest to the reader . They are : Jam i son , Suppes & 
Butler, 1970; Jameson, Suppes & Wells, 1974; Stakenas & 
Kaufman, 1977 and Thomas, 1979. 

Some of the stud ies r ev iewed by the wr i ter only 
examined the costs of CAI, without comparing it with the 
costs of traditional method of instruction, Dae to the 
difference in the computation of costs, these data may not 
be compatible. For example, Fricke (1976) reported 
th^t the cost per student contact hour was estimated 
to be $3,80, when CAI programs on reading, mathematics 
ii3 language arts ^3re used. Bat using similar 
n^terials (which were also produced by Conprt^i. Ctirriculum 
Cocporaliion) , Atkinson (1974) estimatel t'v? «;ost at only 
'^0.55 per day. 

There were some studies which conpart^d tliij? costs of 
CAI wi :h tralitioiial method of L n s t r: u • f: i a . ^Ti.M' r i»?wi n.j 
sone studies (All«3n,] 973 ; Morgan, 1969; la] ;m t , 1 9 ? > ) on 
this ar3^, St^k^a^s \ \'iafman (1973; -.l^'-^l 'h^ s aat 

<:oasi'ler:'3'l to ae i:o npe t i t i v . S?lt^>?r Crom 
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Stakenas & Kauf.Tian , 1975) also reported that the only 
potential for the CAI to cost-effectiveness was in higher 
education. It was also reported by Butman (1973) that CAI 
would only be cost-effectiveness in some high cost areas, 
for example, in special education or professional 
development programmes . 

However, all these studies were carried out at 
least ten years ago. In view of the drastic reduction in 
the costs of computer hardware and sof-ware in recent yea::s, 
these research findings may not be valid now. For example, 
Fricke (1976) showed that the total cost of a CAI system 
projected for five years in a high school for ^he deaf in 
Pennsylvania wa3 estimated to be at U. S. $180,000. Based on 
the first year's average of 1.7 hour of use per student per 
week, the average cost per student hour was $3.80. It was 
considered to be cost-effective compared to traditional 
instruction since the salaries of teacher aide in the State 
were $5.08 per hour in ]975. 

With the inctreasinj rvanber of stui^^ni^^^ n^iij 
CM in 3'::hools, the cost can be ^jreafy r^Uii^el. K-^ i 
(1977) compared the cost of PL^TO and TICCT r ^y-u ^ n _^ ^ ^^ 
found that they were $0.34 -$0.63 and $0-36 p^r sta.lent: 
contact hour, respectively. The computatic^n w^s baS(?d on 
tb? issu-nptlon tbat there were 4,000 teroTinal^, ii v^^- it ion 
tine of 2 , 000 hoars per "?3k an J a 5 -yea r 1 i Te ^ \ o.^r ton^-y of 
5-be 'onputer barlwit:.-. If tb? nunnber of user"; i ^ m' i ^ M to 
500, tnen th^ cost woubl increase by a EoL'toc >r ^. 
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A study conducted by Stanford University in 1977-78 
on the effectiveness of CAI for culturally disadvantaged 
children in the Los Angeles School District showed that CAI 
was a cost feasible technology in that school district. 
With an annual total cost of $136 per student for a daily 
session of 10 minutes, the cost was within the budget limit 
set bv the □•S. government (L^vin & Woo, 1980). 

All the above mentioned studies focused on 
minicomputer or large-scale computing system as the delivery 
system of CAI in sc>ools. What we are more interested is 
the cost-effectiveness of the microcomputer. A recent 
study (Kester , 1982) showed that the use of microcomputer 
assisted basic skills instruction was economically viable 
for students of a community college in a depressed area in 
the U.S.A. rhe study exau^xt-jed the relative costs of 
computer- ass ' sted Hud regular faculuy instruc\:ion in basic 
skills. The copjiusio' was that over a 5 year period, 
significant savings could be made throUvjh the use of CM. 

The potential for a cost-e f f ec t i ^/e micro- 
computer-assi instruction system was nentionel m 
other shadies. In a less wel l-do ruTien ted study, Doerr 
(1979) stated that instructional coinputirig using 
microco npaters could be delivered fcr rou^l'^y U.S. $0.18 per 
student h'Mir, V)'^sod on six hou»:s use per day throuqh a 130 
day school year for an est^'^.ated five y:>ar useful life of 
l:h e h -1 r 1 ; 1 - ? . 

^Ithjujh up Lo vvhether: CM is «^ost eff-^cti^e is 
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Still a very con tr6versiai issue in the educational field, 
many developed countries, besides U.S.A., have already made 
the move of promoting its use in secondary and elementary 
schools, especially with microcomputers. It seems that the 
reason is sometimes more a political than an educational 
or economical one (Kearsley,1977) . According to Bras (1980, 
as quoted from Ruggles et al,1982), there is a project in 
France entitled "The 10,000 Microcomputer Experiment" in 
which all Lycees in France w.ll be equipped with 
microcomputers by 1986. In Canada, certain provinces are 
establishing major programmes for the use of microcomputers 
in the classrooms. For example, the Education Department of 
Alberts has plans to order a minimum of 1,000 microcomputers 
while a recent survey by TV Ontario shows that ther3 are 
already 4,300 microcomputers in the school system. TV 
Ontario is also planning to organise ^microcomputer workshops 
so that 10,000 educators (approximately 10% of the teaching 
force) in Ontario can participate to learn how to use 
m icroco npijter s in t'le .^lassroons (T^ujcjles et As 
more and more deN/eloo^l countries use nicroconpatoL'.s in 
e'lucation, the costs o I: harciwire aa.3 software will f irt'ier 
be reduced . Act ual 1 y , even nowadays , the cost o £ a 
microcomputer is more or less the same as a color TV, a cost 
tiiat can hardly be le^>(M. *' ,m .is too expensive in t'l ^ 
developed coun cr les . 
3 . 5 SUT i;na ry 

In this v^iiol-M* w hive reyiew.-'l a {Ili.iO'M' .)( 
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Studies relating to the cost and effectiveness of CAI as a 
means of instruction, Wg found that there is ample 
empirical support for the effectiveness of CAI, in terms of 
higher achievements for students receiving CAI and a 
reduction of learning time. With regard to cost, since 
there is still much confusion in the methodologies of cost 
computing, the research findings reviewed were highly 
case-specific and no general conclusion can be drawn. 
However, it is evident that the cost of CAI is declining and 
there is a great potential foL its use in secondary schools, 
at least in developed countries. 
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CHAPTER 4 

EDUCATIONAL PROBLEMS IN THE THIRD WORLD 

4 . 1 Introduction 

The underdevelopment of the educational system in 
the Third world has been documented in many studies 
(Buchanan , 1975; Phill ips ,1975) . One of the educational 
problems that deserves our special attention is the large 
scale educational poverty found at the primary and secondary 
levels of education which is causing an 'ncreasing number 
of adult illiterates in the Third World i.i the 1980s. This 
problem is partly due to the economic poverty of these 
countries and partly to the rising educational costs 
especially in the pact ten years. Since recent studies 
(Jamison & Leslie, 1980; Carnoy,1976) have documented that 
the use of some educational technologies like TV anA radxo 
can help to reduce educational costs, //.e wouli lik^ s^^ 
wheth.^r the use of CAI in these countries can ha\*e ^inilir; 
effect. Before we discuss the cos t- e f f ec" t i ^eoess of CM in 
chapter six, a brief discussion of a few related e.3aoational 
problems in the developing counr\es may provide us ^ better 
'3 ner s t ^ 1 ling of these problems and the ^^(^ntoxt in vh i 'h C^I 
nay be used . 

K? The Pi^obT^em of I_l \i t^i^^-^^Y 

The educational oo^/erty of the Third World is 
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reflected' in the increasing number of illitc a'-es in these 
countries. Before we examine the problem of illiteracy in 
the Third world, we have to make clear what being an 
illiterate person means* Different countries have different 
definitions illiteracy. In some developing count r ies , a 
person who cannot read the letters of the alphabet may be 
called illiterate, but in the developed countries, anyone 
who is" incapable of completeing a complicated questionnaire 
or r>f assimilating written instructions containing technical 
language " is regarded fis a functional illiterate 
(Lestage,irP2,p.5) • In this p^per we will adopt the recent 
UNESCO (1979) defir .on which defines thac a person is 
functionally illiterate " who Cc^nnot engage in all those 
a' ities in which lite'^acy is required for effective 
functioning of his group and community and also for enabling 
him to continue to use reading, writing and calculation for 
his own and the community's development." (p. 18) 

The problem of illiteracy continues to be a serious 
problem in t'ne Third Worl3 in the 1980s. ^^v^.^orlinj lio ti^ 
UNESCO (1982), the aiult illiterates (define.1 .vi 15 y.^irs 
old an-3 above) in ^^e/eloping countries accoante^l foe 41.??, 
of :he adal t population in 1930, whereas in the level ope.1 
countries only 2.1% of their population were illiterate, as 
c:an be s?en f.-'on Table 4. F'ro'n this table '^v-? in il*^o s }e 
that the nrobleia of illiteracy is most serious in ^Cri^^a. 

\''or.lirij to th'? sine r?part publish.^.] >y th ^ 
UNESCO in 113^?, the 3j\M}lopel countries hioe 
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Table 4: Illiterates aged 15 and above in the World, 1980 



Reg ion 



Population % of Illiterate 
(aged 15 and above, in m.) 



World 

Developed 

Developing 

Af r ica 

Asia 

Latin America 



2,818 
888 
1,930 



28,9 
2.1 
41.2 
70.6 
43.6 
28.1 



source: Lestage,1982 
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Pi.'actically solved all the problems of schooling at the 
primary level (first level), and so ill iter acy in these 
countries has virtually disappeared in the age group 15-19. 
But for the developing countries, illiteracy will still last 
for a long time because it is only in the last 30 years, 
or even since their itidependence after the second world war 
that compulsory primary education has been actually insisted 
upon. Indeed, according to a report ( Ph i 11 ips , 197 5 ) 
submitted to the 1974 World Population Conference, it was 
estimated that by 1985 the developing regions would only be 
slightly nearer to universal education for children aged 6 
to 11 than they were in 1970. In order co have universal 
education by 1985, these countries would have to treble the 
average annual enrolment increase attained during the 1960s, 
which is obviously i^npossible. Thus, it is estinated that 
by the end of this century the absolute namb'-^r of 
illiterates in the world will be 76 nnillion (excludin^j 
China, the Democratic People's Republic of Kore.a .^\^^ the 
Socia 1 i St R^pub 1 ic of vi e tn ^n) wi t h n%?r vv'i ^1 n i n j 
majority in the Third World, .ilt.i^^ijh its i 1 < » m \ :y 
rate will drop from 30. in 1^)30 to 19. o; in t,v^ yo^r 
2000 ( Le3tage,1982) . 
4 . 3 The Pr oblem of Enrolment 

The incre.^sinj aunber .^f illit^ril:.^ pM'^'..Mr; in 
Third World is partly a le^^acy of the .^olcv^ini or i \'^^ p.w i \ y 
due to the stn^jn^titvi ^ f l:he Mirol ieiit r ii > i i i "i ^ \ \ \ / 
level of educratioii. R.^.:er't ^latn ^h^.ve«l Lhil. ! i ^u.^l u?nl 
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ratios of all levels of education in the Third World were 
only marginally improved (UNESCOr 1981) . 

As can be seen from Table 5, although there were 
steady increases in enrolment ratios in all levels of 
education between 1965 and 1975, only about 60% of the 
population between the ages of 6 and 11 were enrolled in 
primary schools in the Third World, It was a rather 
disappointing figure comparing with the 94% in the developed 
countries, 

4 . 4 Rise of E ducational Costs 

In factf governments of developing nations have been 
pouring money into the educational sector since the 1960s 
und the growth rates of public expenditure in education are 
actually higher than the growth rates of GNP, The rise in 
public spending on individual students can be seon from 
Table 6. It is noted that between 1965 and 1977 the cost per 
student in education inreased five-fold. 

With the continued rise in sp^nvHnj in o.Ui-^ation, 
we can see that th?t:e is not nuch roon Fo l Fi^t'iM inri'.^^se 
in the Third World since expenditacf jn HiiMii >.i -ii^^^ 
already accounted for more ^.han 4 6 of t'l ^ GNP. ^.^^M^linJ to 
an analysis by The Netherlands Economic Institat:<^ in 19'75 
(quoted from Buchanan , 1975) # "under moder.ito assumption the 
financial means of the .level op i n j conn 1 1 i «^ s , -jI \ h t h ^ 
notable exception of Latin America, nre i n sn f f i.mi i to 
finan-j'e the estimate 1 exoen 1 i tare . " ^"ro;i im )'.^ '\ ^ ri 

see that Africa, e^on with a sO'M^.Hnj of 0 tn^ «;*\1P on 
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Table 5: Enrolment Ratios in Developed and Developing 
Countries by Levels of Education, 1965-75 (in %) 

1st Level * 2nd Level s- 3re Level -H 

'65 '70 '75 '65 '70 '75 '65 '70 '75 



Developing 

Countries 54 58 62 19 22 26 2.2 3. 2 4.4 

Developed 

Countries 92 93 94 59 63 68 16.7 19.7 22.9 

Note: * These were net enrolment ratios referring to 6 of 
population between the ages of 6 ani 11 enroll 
in primary school. 

+ These were gross ?at:ol.fi?at triLios. 
Soucce : UNESCO Yearbook , \'ac ious y 5'it:s , 
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Table 6: i^sti.nated Public Expenditures on Education for 
O^velope'l ancl Dev^eloping Countries in various years 



^-jb lie E >c p.? n '3 i i: c '3 



Average 
Annual 



Puol ic Expend i ture 



Publ ic Expend i ture 
on Education 





:) n E 3 a 


a t i o ti 










Increase 


on Education 




per 








(U.S.$ 


, billion) 








(65-77 


,in %) 


as % 


of GNP 






Inhabitant 


(U.S.$) 




'66 


•70 


'75 




'77 




A 


B* 


'65 


'70 


'75 


' 77 


'65 '70 


' 7b 


'77 


Wo rid 


































95.7 


158. 2 


32 9 


.6 


397. 


9 


12.6 


11.1 


4.9 


5.3 


5.7 


5.7 


38 57 


109 


126 


































T < Jn tr i-j 9 


3 7.8 


145. 8 


2 92 


. 4 


34 8 . 


2 


12.2 


10.8 


5.1 


5.6 


6.0 


6.0 


87 139 


267 


314 


, • / -^looLn j 
































" J 1 in t r i -i s 


7.9 


12.4 


37 


. 2 


49. 


7 


1 6.5 


13.2 


3.0 


3.3 


4.1 


4.3 


5 7 


19 


24 



'iftf^: ^ A: P'lbl ic Expenl i Itar e on Elacation 

3: -jCOSs National PToiuct 
.'uarce: Coaoatel from UNESCO Statistical Yearbook, 1980. 
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Table 7: Estimated Total Educational Expenditures and 

Domestic Financial Means in The Third World, 1975 

( in U. S.$ mill ion) 

Total aducv. t ional Do,Tiestic Financial 

Expend it ure 3 Means 
Assuming Pr imaiy 
Enrolment of 





90% 


75% 


60% 


5% 
GNP 


4% 

GNP 


3% 

GNP 


Africa 


3,400 


3,150 


2,890 


2,430 


1,950 


1,460 


Latin 














Arner ic a 


4, 320 


4, 060 


^ 790 


6, 4 60 


5, 170 


3, 880 


Asi.* 


5, 320 


5, 400 


4,993 


5, 060 


4 , 04 0 


3,0 30 


India 


b , 5 50 


5, "30 


4,9 20 


2, 9 30 


2, 340 


1 , 760 


Note: * 


CxclUvi iiig 


Co i n a , 


Japan, and 


lo'i i.=) . 






Source : 


Buchanan , 


1975 . 
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education^ which amounted to 2,430 million of U.o. dollars, 
still could not achieve a 60% enrolment in the primary level 
in 1975, which required a spending of U. S . $2 , 890 m il 1 io ' , 
The problem thus becomes how to reduce the cost of education 
and increase the enrolment ratios, 
4 • 5 Q uality of Educatio n 

Even with the huge government spending on 
education, the quality of education in the Third World is 
riich lower than the developed countries. The hiqh repetition 
and dropout rates are only two examples of the 
poor quality of education. Of course, the quality of 
education is greatly influenced by the socio-economic 
environment in which teaching and learning take place. 
Thus, various fa^^^tors such as the distance 
children have to walk to school, the li^^in-j conditions of 
their families and their health and nutrition, the attit^-des 
of their parents towards education and the relevancy of the 
curriculum to the needs of the jhildcen will ^fft^i^t the 
quality of ^iucation. One to th^ "\ \':k of sp ^ ^ wo i-m vMily 
exaiTiine the nuinerically ^ss-j^iiiblo ^ m;^^ jnoii i:s )r qtwlity 
her e . 

4.5.1 pupil-Te acher a t i o 

Let us examine the cupil- teacher rn io first. 
FrO'Ti table 8 we can se^ ^:hnt ratios ii i/i ^ fi - mi 

seconcl les/els of education in develooinj N>nn'i ; \ \ n.^t 
iiTipcov^e auch oet^7o?n 107o ^nd 19"'^. ^r^n ^it ^ . . ' 'i ' i ^ 
leveloped countries, a pt:in':jcy s.:hool toK*'i>i "ms i.' 
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Table 8: Pupi 1 -Teacher Ratios in all Levels of Education 
in Developed and Developing Countries, various years 

First Leve l 

'70 '75 '77 

Dev eloped 

Countries 23.2 21.1 20.5 
Developi ng 

Countries 36.4 34.5 34.1 

Source: comoateJ frron the UNESCO Yearbook, 1^80. 



Second Level Third Level 



no W5 W7 '_7C '75 '_^77 

16.6 15,8 15.7 13.7 13.9 13.7 



19. 3 20. 1 20. 5 15. 3 14. 5 14.1 
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approximat-ely 14 more s* udents (35 versus 21) irt Africa or 
Asia. This may considerably lower the quality of education 
as the workload of teachers i s so heavy and vihey cannot spend 
much time with individual students. 
4.5.2 Teacher Training 

The lack of adequate training for teachers in the 
Tnird World further exacerbates the problem. While teacher 
training is considered to be a high priority in education in 
the Third World, having all teachers fully trained is still 
a long way off. In general, primary school teachers in 
these countries receive ten yjars of schooling with two or 
three years of training. However, in the least developed 
countries, a considerable number of teachers may be found who 
are without any formal training in teaching and possess no 
more than primary education themselves. For exaiiiple, i" 
Indonesia, data around 1970 showed that only about 20% of 
the teachers could be regarded as fully qualifieii while 
about 25% were not qualifieci at all (Phill ips , 1975) . 

B^siies the problems thaL we have just .Hsi^iss^l, 
other eqiaally im|>:)rtdiit questions, sucn as poor a.j-*^^^ to 
^lucation for niral children, the relationship b-^L; ^a 
education and employment and ultimately f >,e lev'el opn.^nt 
goals of the 'developing countris should be a<Mressel. 
One to lack of time ao3 space, we are t abl.^ 1 i m ^ ^ 
them here . 
4 . 6 Summary 

In this cliapter 'We have discass-il a fw n.i'i'cioaal 
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problems in the Third World. The problems of adult 
illiteracy and the stagnation of the enrolment ratio are 
partly due to the lack of educational funds. What educators 
in the developing nations have to face is how to improve 
bo^h the quality and quantity of education and develop an 
indigenous educational system relevant to the needs to their 
peoples. The following chapters will discuss the use of CAI 
in these countries, to see whether it can help to alleviate 
these problems. 
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CHAPTER 5 



THE APPLICATIONS OF COMPUTERS IN EDUCATION 



IN THE THIRD WORLD 



5.1 



Introduction 



Before we examine the cost-effectiveness of CAI in 



the Third World, it is imperative for us to have some 
knowledge of the state of the art of che application of 
computers in the educational tield there • Un f or tunately • as 
we have already mentioned in cha^^ter three, not rnany rese. rch 
studies on this area have been identified by the writer. 
The few papers that appeared to be related to this topic 
failed to provide direct reference on how CAI was used 
in secondary schools. Although one paper ( Ibrahim , 1981) 
presented to the third IFIP World Conference was related to 
the application of CAI, its focus was on higher education. 
5 . 2 Findi ngs from the _Q^^s t i. onna ires 



software in the Third World marker, the writ'^r s ^ it ^^it 24 
questionnaires to leading computer manufacturecs in the 
U.S.A. to so licit the^'r sales figures of computer so f tw.a r e 
and iia rd wa r e to the 1 cvn? 1 ooi n j countries f r lu*^ U- i n n i 1 
purposes (see Appendices \ ,B ^ C fv>r the covoiing tier, 
'^uest ionii ai t*e, ill {'h ? 1 i of. t^o nonl-.^r n i uif i^M n' m , 
Questions such as l:y^)^s of conoal-'t'S ( 1 i eg e- s.^ e , nini-er 



In order to secure cost data on CAI hu\iwaL'^ ind 
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micro-computer), price ran'ges, quantity, maintenance and 
traning costs both for hardware and software were asked.. 
These computer manufacturers were identified from the 
literature that the writer has surveyed and which are found 
to have business transactions with the Third World 
(Barquin , 1975) and also because of their high rankings in 
computer sales in the U.S.A. (Million Dollar 
Directory , 1983) . 

Of the 24 questionnaires sent out to the computer 
manufacturers in the U.S. A, only six were returned. Of 
these six, two were not willing to disclose any information 
while one had no transaction with any developing countries. 

From this limited response, we cannot gather much 
information on the application of computers in the Third 
World. But one thing that is known is that microconnputer s 
are being used in the developing countries, as can be seen 
from the sales figures of two computer finns. One connpany 
has sold 60 microcomputers to the Third World while the 
sale figace of another aTiounte^l up to U.S. $10 nuillion ( s 
app.anlix B) . However, most oE th^se computers <^ce not 
purcha sed by high school 3 . I-i s t<^ i i , universities an.l 
colleges have the highest de.nan] for cOiaputers in the 
educat i on sector . Al so , th^ are not ma i nl y used f o r 
1 nsc c lie ti<3nal purposes. r»spvilent clainei that " ^'^ i 1 

v;*? sel 1 co'-'-pa ter s eqa i pi. '^n t a 1 ' ':n r ')d jh A^c ica and the 
M i M 1 e Ea s t , almost ill o ^ } i ^ ) 1 1 r ^1 n i n i s c r a t i ^/-i 
purpose s , and up to this Mi-*, ^ ' n ■) ^ t i > n»? fo c pare 
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educational purposes. Of course, administrative machines 
are made available to students for programs they are 
developing in Fortran, Basic or Cobol, but trie fact remains 
that computers purely for education are shiil rare," This 
view was suppor+-ed by another respondent who suggested that 
" most sales are really, ..to the business section of a 
college or to the electronics d iv is ion . . . not really use to 
teach student through CAIe" 

The costs of computer hardware and software 
appeared to be unreliably high. One company stated that 
the price range of microcomputer was between $200K-$400Kr 
which was substantially higher than the U.S. domestic 
price range (between $500-$2 , 900 , see Table 13). 
Another computer company quoted a price range of between 
U.S. $1,500 -7,000, which seemed to be more reasonable. 
Maintenance and training were provided, but at a very high 
price (in one co-npany, the cost of training for the use of 
software was U.S. $100k per site). If these price data ^^re 
reliable, the total cost of th<3 CAl syst^n 'escinate.3 in this 
study in the fol'' owing chapter ^oull hav^? to ya nuch hijher. 
5 . 3 Othe r Related Data 

Besides the in formation ob ta i ne.i f ron the 
questionnaires, other sources of infor-nation provide us with 
so ne iieas of the tent to wh ich <;o npa L ^ r s ^ r } as ii i n 
e-lacation In the Third World. 

The Un i ted N'a t it'jns .^OO'I u<' 1 i sar j ?y Lh ? 
applications o£ co-npat-ecS in the Third W:>rl;i la 1373. in ti.-^ 
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Study, the usage of computers on education and training was 
also surveyed. From Table 9 we can see that the actual 
number of computers which we^re used in the educational field 
was very small, and in six countries., no computer was 
actually used in education and training. Although in two 
countries the percentage of computers used in education as 
more than 20% t on the whole, the usage of computers in 
educa t ion was insignificant. 

More recent data was provided by Loy et al ^1977)/ 
who surveyed computer usages in five countries/ 
territories in Asia. From Table 10 we can see that only abou 
6% of all the computers found in the sites surveyed were 
used for educational purposes, which was very insignificant. 

Indirect evidence showing that the use of 
computers in education in th-c Third World may be very 
limited comes from the overall limited namber r.f computers 
available in these countries. According to the U.N. report 
(1973), the U.S.A. had a total number of 83,500 
computers in the v^hole counutry in 1973, whil-? Br azi 1 , ^/i nost 
advanced coantry in the Thirt? World, rated by the Computer 
Industry Oavelopnent Potential (CTOP) develope-l by B.irquin 
et al (1975), had only 1,219 computers, 1.5% of what thf? 
U.S.A. had in the sane year. But Brazil's population was 
52. ^\ oE th^t of the U.S.A. in 1930 (Brazil iivl i 
prpulation oE 119 million .^hile th? U.S.A. hi-l 226. 
•nillion, Th Enroot Yt^-i rhook , 1 08 2 ) . Botswini, .) i ^ )r th'^ 
least d.i^/.3lop3] couatri.^s iu tirns oE CIOP 1 only 
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Table 9: 


Educational 


Computing 


in selected Developing 








Countries, 1973 










Number 


of Computers 








Country 


Total 


Education & 


Trainincj 






Bol iv ia 




6 




1 




1 7 




Brazil 


1 


, 219 




110 




Q 0 




C. Africa Rep 




3 




0 




0 o 




Colombia 




J2 




7 




P R 
O • D 




Cyprus 




5 




0 




u • u 




Fi j i 




6 




0 




U • U 




Greece 




175 




7 




4.0 




Hungary 




161 




26 




16.1 




Iceland 




17 




1 




5.9 




I raq 




7 




1 




14.3 




Jamica 




34 




3 




8.8 




Kuwa i t 




17 




i 




5.9 




Lebanon 




29 




0 




0.0 




Madag ascar 




24 




1 




4.2 




Malaysia 




28 




1 








Morocco 




57 




3 




D • 0 




N i car ^gua 




14 












Paki Stan 




19 




2 




10.5 




Singapore 




34 




3 




3.8 




Su3an 




4 








2 5.0 




Thailand 




27 




4 




i 4 • o 




Turkey 




32 




8 




9.8 




'jpper Volta 




1 








0.0 




Yugoslav ia 




117 








U.6 




Zaire 




19 




4 




14.4 
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Table 10: Percentage of Computers us^d in 
University/Education in selected Asian 
Countr ies/Terr i tories in 1976-77 

Number 

Country/Terr i tory of Sites %^ 

Taiwan 13 12.2 

Hong Kong 21 6.2 

Malaysia 12 3.3 

Philippines 29 2.2 

Thailand 25 7.8 

Total 100 5.9 

Source: Loy et al,1977 
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one comouter in 1973 in the whole country. There is 
probably a relationship between the level of the use o^ 
computers in a society and its application in education. As 
can be seen from the U.S,A,, with such a high level of 
development in computing industry, nearly 3/5 of all 
secondary schools already used computer in 
instruction/administration in 1975 (Seidel , 1980) , 

Actually , more up- to-- date evidence on the level of 
computer usage in the Third World can be indirectly obtained 
from the U.S. exports of computers, parts and accessories to 
the developing countries. The U.S. export figures have 
significance in understanding the usage of computers in the 
Third World since the U.S. is one of the top computer 
exporters in the world. Between 1974 and 1980, as can be 
seen from Table 11, the developing countries only accounted 
for a very small percentage of computer sales of the U.S. In 
1974, the Third World as a whole accounted for 12.2% of the 
U.S. export r:. irket and in 1980, it increased to 16.4%, 
r epr es'jat i nij an average annual in'.":rease of 0.7% only (U.S. 
Department of Commerce, 1982 ' . Of all the developing 
rejions, Africa was the one which imported the '.?nsh 
conputer s f roin the U.S. 

The extent of CAT applications in education in a 
^^oantry is also re^. atea to *-he availability of oonpacer 
personnel because they are crucial for the settin^j up of the 
C^I ;ys^:.^-is in schools. E'^^en wh^^i i-be n i ro,^ ) npa I r is i] 5 ^ 1 
as thi lol iv(3ry syste.n, teai:hers have to b^ traiae«l by 
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Table 11: U.S. Exports of Electronic Computers, Parts 
and Acessories to the Developing Countries, 1974-80 



% of exports to 





Total exports 


Developing 


Latin 




E. & 


Year 


(in U.S. mil .) 


Countries 


Amer , 


Africa 


S. Asia 


1974 


2,198 


12. 2 


6.1 


0. 14 


4.4 


1975 


2,228 


15.6 


7.0 


0. 22 


3.9 


1976 


2,588 


12.0 


5.5 


0. 27 


4.7 


1977 


3,264 


12. 1 


5.9 


0.25 


4 . 3 


1978 


4,i59 


14.2 


6.7 


0. 32 


4.8 


1979 


5,671 


15.4 


7.8 


0.25 


5.3 


1930 


7,763 


16. 4 


8.0 


0. 21 


6.4 


Source : 


U.S. Oep jT- i; t of 


Coinmerce , 1982 . 
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computer professionals before they can manage the computing 
rooms or develop cour.^eware. The shortage of computing 
personnel is always a problem in the Third World. According 
to the U.N. report (1973), there was a 20% to 30% shortage of 
trained personnel in centre managers and systems analysts in 
the developing countries The shortage w^'^s even more 
'"erious in some countries, e.g. in Turkey, a manpower 
shortage of up to 83% was experienced in systems analysts 
and programmers. 

This shortcge of computer personnel is due to the 
inadequate training opportunities available in universities. 
In a recent survey of eight ]^frican countries conducted by 
Aban (1981) , he found out that although some sort of computer 
courses were provided at university level, in all except or^e 
country the facilities available for education and tr.^ininj 
of computer professionals and scientists were grossly 
inadequate (Note 1). Aban also noted that of all the 
countries surveyed, not even one had any provision for 
education c^nJ traininj in co'tiputer science at si^i^onl.iry 
school le^el. If there is no conpater scic^nce ^^iu^" 1 1: i on m 
seconcJary school, it is 'i-^trl co i-najine that CM W(^ul-1 h.^ 
used there, since usually CAI vould be introduced a f hi^r 
cornputer hardwaie are bought for the te iching of c computer 

ience or or oj ratTiin i nj first, al th<^ a jh tiie use of npat- tM" s 
in school ^fl(n i n i str a t in i-i nay also 'i3lp to proinoco the nsi-* 
of CM. 

CoTiputer cilacili>>a at La- an i vM?r: i ty in uiiin 
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America seems ;;o be more developed than Africa. Of the 21 
countries surveyed by Barquin in 1975, only one country had 
no computer course offered by the university. However, the 
shortage of coraputer professionals o also the greatest 
prof em encountered by the governments in Latin America 
(Note 2) . 
5. 4 Summary 

In thi s chapter we have examined the aval 1 able 
information on the appl ication of computer in education in 
the Third World. From this piecemeal information we could 
not draw any definite conclusion with regard to the extent 
of the applications of computers i;j education in these 
developing nations. But the available evidence does 
provide support for our conjecture th t the use of CAI is 
very limited in the Third World. Even if it is used, it 
would more likely be round in universities than in hi^^h 
school s . 
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CHAPTER 6 
COST-EFFECTIVENESS OF A CAI SYSTEM 

6 • 1 Introduction 

lA the last chapter we havo discussed the 
applications of computers in education in the Third World and 
found that CAI is not being used extensively .n 
secondary schools. Since no empirical studies were 
available, and the writer himself is unable to conduct field 
research , he can only take one developing country as a case 
study, estimate the cost components of the CAI system and 
evaluate its cost e f f ec venv'^ss , and cornpare it with 
the traditional mf"thod of instruction. Mexico w^s chosen as 
the country of study mainly because of two reasons. The 
first one is that Mexico ifj one of the it.^re a;1vanced 
countries among all the ieveloping countri.^'? in tv^rns of the 
CI DP level, an in lex ievelrpe-l b> o-^rqain (i ^ '-^^ irou : U.N. 
report on the explication compat'^r: t^^.^'mvil ^^jy in J':-? 
Third World (1973) to show the .ev.?l oC ^.^n.^nl^M- «^ F i 

country (see 'Appendix D for the CID? ^ndex) . It is 
tV>eretore more likely that CAI would be alooht^.l iri Lliis 
country since tlie in Etrastracture noo^h?;! f^'^r in ^ -uivv^^ss Tnl 
i;npl ementa tion of thL CAI systeni would VvMil.^bl.^ i/imo. 
Second ly , CO st-e f Eec t L vM^n JS'; of o 'zh c ^ 1 u.- i t i •> i 1 1 
techno 1 0(j ies , namel y , TV anr3 rad io wt?re 1 1 re i 1 y n 1 u^- lii^d 
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there (Jamison et al/1978) and the result obtained fro.ii this 
study can be v.sed for comparison in future. 

In order to measure the cost-effectiveness of 
computer-assisted instruction in Me>:ico, we have to gather 
local cost data of the CAI system. In this study, except 
for the cost of the computer hardware, whicn is based on ^he 
U.S. domestic price, all other cost data come from the 
UNESCO Statistical Yearbook (1980, 1981) • These yearbooks 
provide information on educational expenditures 
(including teachers' salaries) and pupil- teacher ratios of 
all leve?.s of education in Mexico which are essential for 
the estimation of the total cost of the CAI system. 
6 . 2 Limitations of The Study 

The reader has to be reminded that the methoa 
used for the computation of the cost-ei. f ^»ct i veners of the 

i in this study has many limitations. Since limited local 
data were obtained, this study at best can serve as an 
illustration of how the cost components of a CAI 3ys^^m can 
be estimated and its oost-e E E^act i voness evaluated m a 
developing country. Thus, results obtaine.l Eron this stud;, 
should not be oonsilered as conclusive, nor s'^'^uUl any 
general is,:*tion be attempted in other developing 
countries. Sone of the limitations in the estimation of 
costs ore as Eollows: 

( 1 ) The who le c ase st ady is hypo the t ical in th-e 
sonse Liiat all the ?ost (^onojo^^nh^ o!: Lae CM syst^^^.i i 'i 
*"=?x.^co ware estimated costs. For exaiiple, the cost oE the 
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computer hardware was based on the domestic U.S. market 
prices, not on its export prices to Mexico. Domestic and 
export prices of the same commodity may be greatly different 
due to the different tariff regulations, the size of the 
markets and the aggregate demand, foreign exchange 
differentials, and cost of shipment, etc. Thus the cost of 
the computer hardware may be over- or under-estimated. 

(2) The cost data were drawn from different years 
and therefore may be incompatible. For hardware,, they are 
1983 figures, while the cost of courseware, which were 
calculated in terms of the Lv.*achers' salaries, were 1978 
figures. When the cost feasibility of the CAI was 
evaluated by comparing it with the government spending per 
student, the 1578 figures were used. In this way the result 
n^ay be a little bit distorted. Extrapolation is not 
attempted here because no real increases in teachers' 
salaries are predicted due to the huge inflation in the past 
f^^w years in Mexico. Also, since the c^st of CAI is 
calculated in terras of U.S. funis, the lan^sliil? l3vMlaHtioa 
of the peso in last y3^c wo uld al so reduce the i n f 1 a tei 
C'3uc3tioaal expendita'^ (Incliidlnj teaohecs' silarl^s) bick 
to th9 19'70s level. 

(3) When we confiputed the cost of the courseware, 
w.?^ assunecl tnat th^y >^h^re written by the t^^ ichors, which 
•ni jht not be a val id assunpt ion in the To i trd World i:or^tex t 
;9iiaply ::)ecaase of thi lack of '}<j>^^li^^. 1" v ^ 
assuiued that this courseware was purchased f'con th..- 
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developed countries, no cost data could be obtained. This 

is another limitation on the cost computation, 

6. 3 Cost Components of a CAT System 

6.3.1 The Difficulties; in Measuring CAT Cos^s 

The costs of CAT are difficult to measure. 
Although some of the cost components, e.g. equipment, 
hardware and courseware may be quantified, according to 
Kreasley (1977) , because of the dynamic nature 
of the computing field where dramatic changes in technology 
can occur within a period of a few years, previously made 
CO "t estimates of CAT can be invalidated easily by new 
developments in hardware and software and, to a lesser 
extent , by instructional methodology. 

Besides, some other cost components are difficult 
to estimate, e.g. the lease schedules and amortisatxon 

?rmst, Also, special attention has to be paid to local 
situational variables which are highly variable. When 
d i 3CUSS i ng th^ cos t-e free t iveaess of CAT, Avner (1978) 
points '>al: ti'i-ii: Li: Is s i h L 1 0'l- 3C i f I iist>^a.l of 
produc t- spec i : ic. T'l^t is, no natter: how nany presti«jious 
c 'is^jarchi^rs con<^ hUe th^t th b aoplicatioii of CAl is 
cost-ef fee tiven^fss at a certain level of education for 
certain groups of students, it doosn' t -nean that CAI is 
t"ost-ef f ec 1; L veness in v')th?c: i ipl e non ta t i o i s ^o>:au93 even 
trival iiffer^nces in ac>:oii!i t i n-j nethol.s oan be enoirjh to 
nako appf=» r ^n tly i-le'^tl^ii ^icii-i^is 1 i ''■^ ? 1 1 . "^'^ i j>)i'ii: 
is partir;ularly i<nportatil: when try to i"'opt a CAI 
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system in a developing nation. Prior feasibility studies 
have to be conducted and necessary modifications have to be 
considered. If not, it would be like the introduction of an 
'open university model' to those couptries where there was 
no reliable postal system or dependable TV transmission and 
reception (Gallegos,1982) . 



careful wnen we *-ry to make any comparison in costs between 
Chi and the traditional method of instruction. Besides 
taking the work of others as reference, we have to gather 
detailed local cost data so that the results obtained can 
be more realistic and are more relevant to the local 
si tuation . 

6.3.2 Cost Struct u re of ^ CAI Sy stem 

Before Joing to the actual cost co^nputation, let us 
discuss the general cost structure of a CAI system. 

The cost compoaents of a CAI system can be 
clao^sified in various v;ays. One can classify th^Ti by 
fanction^^, ^.9. costs /^a b-^ to j ot: i so i into CH:iii':is, 
•equipment, personnels, i^tc. Oaa can al:so ::lascify t'l^^se 
costs in terns of Eixal invostTivfnt of f:fe«:ar ir^i-i t costs. As ^ 
general framework for the computation of costs, which can be 
useful for different types of co'nputing syst^ns 
--1 ar j3-scale , n in i- o c nicro-co nputc?»:s , t'i«? Co c iv?c 
classi f icat ion is usel in this pip . 



Bearing these points in mind, we must be very 



system may inc ude the '^ollo\ ^ij: 
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(a) System Hardware 

- cost of the CPU (Central Processing Unit) 

- cost of the necessary peripherals, e.g. 

disk, tape storage, I/O devices, front end 
processors, etc. 

- cost of student terminals 

( This hardware can be rented or bought. If 
it is bought, we have to calculate the 
amortisation which will be discussed 
later ) 

(b) System Software 

-cost of the purchase/rental of the operating 
system, cour se author ing languages , g raphics 
or audio so ft ware, utility progaram,etc. 

(c) Telecommuni cat ion Cos t 

-the transmission costs from the centra"^ 
computing system to the terminal 3 v in vo 1 de- 
grade telephone lin'?s, Hgitil lat^ nohv^^rk, 
micco^'i v'o, UHF TV, ov ^ \ c • ' i : 

(d) Oporat ing Costs 

- sa 1 a r i s f o np a t m- o o ? c ^ to r s , ; y ; ! 
analysts or proij ca.n ne*" s , syst!?^i niirjor, 
conput i ng coo n coo i to r 1 t^M* - hi n j 
a s s i 3 1 i n I: s . 

(p) Cour seware Devolopmont ^Costs 

-tho 'osL (> C b'l ^ t i ) r t *i » I 1 1 
autlior * s L ime spent 1*^ ir lin j I o : ; > i/.i ^ 
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system/ the time spent in off-line planning of 
the courseware (Austin, 1975) , programming and 
debugg ing cour ses . 
-the cost of producing any adjunct 
mate rials, e.g. audio tapes,slies ,workbookj , 
etc . 

-the cost of continued maintenance of this 
courseware. 

Besides calculating all these costs, we also have 



to take the expected usage of the system cour sewa ire ( i.e. 
the number of students expected to use the courses, and the 
namber of places or institutions at which the system is 
expected to be used) into consideration. It is because we 
are less interested in the total cost of the CAI .systenfi than 
in the average cost, i.e. the cost per student concact hour 
or academic year. Obviously, if more students use the CAI 
system, the cost can be lowered. 



ilso h'i/e to consi^lec wvhath^r ? h.^c 1 m ' ^ n 1 > ^ " , %m • > 

pULchase(3 or rented. It t'^^y are par :h i ^•^•1 , •:''J^y 
tr^pr^s^nt :^oae sort of o-^pit-^l in/.^stn-ii; i.il ;:*v-y n'' 
I -3 St for a nunber of years. We then have? to ^sLinat^^ 
tWeir life spans and amortise thise costs. 



hive to ha taken into account. One is th<? liL'^ti-n? if t<v^ 

jii p 0 ? 1 1 i . .'3 . i ^.s 3 '?pr : i ^ :: i o 1 r } . ^ r i-/^ - 'i i r,lw.^ r ^ ^ i ^ ;■ > 
Cor n years, then only a fr'i;ti<^n of its cnst,i.'^. I ''n 3f 



When we est inia te the costs of t'l ? ZAl ^ys t.?n , we 



When we a-nortise th.?so 



v^osts , t vo ' ^ ^ i T)] es 
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its cost, should be charged each year. The '3cond variable 
is the social discount rate, which represents an interest 
rate hi rause there is a -^ost (interest charge) involved in 
having capital tied up in a project. In a CAT system, this 
cost is measured mainly by the potential rate of return to 
capi tal invested el sewner e in the economy. The fol lowing 
standard equation helps us to calculate the annualised 
costs of these CAT coinponents (Jamison et al., 1978 p. 32): 

annualised cost= c X ( - (1 + r)'^ ) /( (1 + r)^ -1) 

where c = the cost of the component 
r = sooidl discount r te 

n = number of years that the CAI component 
lasts. 

All in all, costing CAI involves many subtle 
judgements and sometimes a politically sensitive one. 
That is why one CAI expert points out that " polls of 
experts in CAI have consistently shown that th3 cost of 
CAI is considered the obstacle to its widespread 
iccepcari.:e . (Kear sley , 1977 , o . lol) 

6.3.3 Cost Components of a CAI Systeir in Mexic ? 
6.3.3.1 Typei. o f ^(^mpute reused 

When considering cost cOinponents of a CAI sys^-^n in ch-^ 
Third World, the first thing tnat we have to exanine is 
v'^it 'ly^:? of 'irO'npatet: harrdwic:^ is nost apor ^pr i -i 1:^^ . W'j^t 
^r: ^ lookinj for is a cronputin'j syste.n which is not only ^"/i i 
''i - p ^ > ' ) 1 ^ I c ^ s 1 1: i 1 » ^ i i pt'o i 1 j \" " t'l ' 
i nsfcrn": 1: ional 'nodes th.-iL ar^ ^?«]oicod in t'l ^ 'nivjli S'^hool. 
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There are three types of computers which can 
deliver CAI, namely, the large-scale computer system, the 
minicomputer and the microcomputer, as we have already 
discussed. of these three types of computers, research 
studies conducted in the U.S. all conclude that the 
laroe-scale computing system is the most expensive whii.^ the 
microcomputer is the least expensive one. A stu^y carried 
out by Gleason in 1981 showed that a single terminal of the 
time-shared PLATO system operated by the Computer-Based 
Education research Laboratory at the University of Illinois 
and Control Data Corporation would cost more than U.S. 
$6,000. According to Gleason, it is only its 
access to a large and growing library of software that 
justified its existence (p. 10). Although it is less 
expensive i operating capacity of the min icomputer is 
limited. one school in Norfolk, Virginia bought a 
minicomputer in 1975 which could only handle a maxi'Tium of 32 
terminals. When the school wanted to further expand its C^I 
in Tan-jaaje arts ^rac i: i.jol am , it (.^:)al 1 fiot aff^'^rl t^^ so ^ 1 1 
nora than $100,000 to buy anothtac n in ico.nputec , vvlii.rh cosl: 
?3,125 par tr^c.ainal. Tnst'?^!, -n ic ro: ) nou s ^ ')oajlit 
which coulvd perform the same functions 'iS th<3 niniconpatec 
(^"all,1980) . No ioiibt, a stan<1 alone microcomputer is ^.he 
:h.3apjst ^in^:»i» il:s pri-:e, in^^ntiinj th*? CPU, noniiioc, sinjle 
disk drive or ':assctte tipe only ranj«^s ^rom U.S. $500 to 
^^^,00') in 19-33 (v>?i'ii^ns s Sh r ^ 3 \, ^ V. ) . A; "is^iinj 
che3p, the n ic roco nputer can perform nost .?v/i?ry Cu;i^tion 
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that the other Lwo types of computers can (Gleason , 1981) r even 
for conducting research and experiments, which was only 
possible in large-scale minicomputer-based laboratories in 
the past (Johnson , 1982) . 

Not only the hardware costs of a large computing 
system are substantially higher than those of a 
microcomputer the telecommun ia tion costs involved in the 
delivery of CAI has also to considered. One advantage of 
rhe large computing system is its capability of distributing 
educational computing services through its terminals located 
in schools scattered all over the country. This capability 
is useful to the Third World. For example, of the 15 
iiiillion pople in Tanzania, which is a relatively large 
territory of comparable size to Egypt, only 6% of the 
population live in urban areas (Harris , 1930) . However, the 
telecommunication costs are very substantial. As the total 
dispersion of the population increases, and as the size of 
the user unit { in teriTis of the number of installation of 
computer tecniu'^l s } li ?^r.=?ases , co.n nuni ^auion ::osts borono a 
larger an 3 lat:q-"^r factor oE the total opemting costs 
( 3a tnan , 19"^5) . i i.?s , in n ^ny .IcBvol opi i j coan Lr i ?s , 

telep' le lin>3s y not be available even in the urban 
areas. The extensii:>n oE this service Erop another city, or 
using othei" neaas of . ^o n nnn ic<^ t i o i , ^ . j . sitellif:es, nay 
mean '^l:Htioafil co^ts. "^o , in sone rur-^l .nre^s, tbe lack 
o f: S'lppl y o r ,» ' ^ ' L r 1 ' ; : y . > 1 f i e tb ^ I. m- i i a \ 1 ^> n ly n in 
nnotlier obstacle to usirvj 1 irge- S''al e ^-onpatin^j syst^^ns. 
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Besides telecommunication costs, the use of large 
scale computers or minicomputers may involve other costs, 
like the construction or renovation of a particular room to 
house these computers. According to Matvoich (1973) r new 
facilities have to be constructed. Special wiring for the 
computer is needed and the iiistal lat ion of a separate 
humidifier to insure tbe })roper control of hamidity is also 
necessary. Air conditioning for the maintenance of proper 
environmental conditions, which is especia'^ly important in 
the developing countries which are usua" ^ located in the 
southern hemispheres, has also to be installed for the 
utilisation of the system. All these are add-on costs. 
According to one study (Levin & Woo, 1980), the annualised 
costs for the* construction and renovation of a room for 
installing a luinico-nputer accounted for 8.5% of the total 
annual cost (Note 3) , which could not be considered to be 
neg 1 ig ible. 

Apart from economic reasoni;, »:he nic coconpu ter 
should be use'3 ia the Th 1 1'^l 'Jjrll because of ch^ 
factors of management ki 1 aaiace^^ . ). To -nanaje a la'^je 
ro.Tiputer sys tern or ;n i a i oo noat ^ r , -sy s t an .-^ 1 ys f: s , :en t re 
managers or operation ^supervisors have to be employed to 
loo, after the systen. However, for 'nicrocomputer s, fewer 
CO n outer pr o fes^3 i on al s ^^' ^ a ^ ? 1 ? 1 3 1 a ^e so f tw a r e in.l 
courseware can be boo'jht fr- a j«) nnec«7 ial fitrms or users 
J roKlos . As for 1 1 L M i 1 ' , \\' J * > no.iL-^r s ^ r-i? i i 
alone conputers, anvl a br.^iklowa of ooe will not ^ffei^t the 
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delivery of the CAI course. But for the other two systeois, 
maintenance is more difficult. 

Finally, it more likely that larg^^- seal e 
computer system and minicomputers may increase the inequality 
of education opportunities between urban and raral areas in 
the Third World than microcomputers. The reason is that 
thase two types of computers are most efficient when serving 
a geographically compact population. That means, in the 
developing countries^ they would tend to serve the larger 
cities. As urban-rural disparity in educational 
opportunitis is already a sprious problem in the Third World 
(UNESCO, 1980) , if introduced into the urban areas only^ CAT 
will aggravate this problem, without improving the quality 
ot education in these countries as a whole. On the 
contrary, stand alone microcomputers may be used in rural 
areas where small electricity generators can be supplie.3 
(this problem will be further discussed in the next 
chapter) . 

Because of all these reasons, the writer concludes 
that the microcomputer is more appropr iate to the Third 
World to deliver CAI. In this study it will be taken as 
the standard hardware of a Mexican high school in order to 
minimise costs. 

6.3.3.2 Cost Estimation — Total Cost 

Based on the cost structure of the CAi system tho.t 
we have previously discussed, the following cost components 
of a CAI <^ystem in a Mexican high school are estimated: 
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(a) Hardware 

Since microcO'Tiputer 3 are chosen as the delivery 
devices of CAI lessons, we have to decide what type of 
microco'Hputer we need and the amount. Table 12 shows the 
microcomputer requirements per instructional mode. From 
this table, we can see that i f we want to deliver every 
mode of CAI instruction in the high school, the random 
access memory (RAM) capability of these microcomputers most 
at least be 32K bytes, and we also need the disk drive 
instead of cassette tape based drive. A recent price 
comparison of microcomputer, as can be seen from Table 13, 
showLi thut price of a 32K bytes computer with disk based 
ranges from U.S. $1,250 to 2,900, all with color monitor. 
If we u3e black (or green; and white monihor with tape 
cassette-based, the price can be lowered to $800. In view 
of the trend of decreasing prices, it is not unreasonable to 
take $1,250 as our price tor one microcomputer which can well 
serve our instructional purposes. One limitation in this 
price estimate is that this price is the local price in 
the U.S. home market, but not export price and the cost of 
shipment is not included. The cost of shipment is not 
included in thi s est imate because the actual market pr ice 
will be lowered i f computers are purchased in bulk, which 
can offset the cost of delivery. According to the writer's 
pe^'sonal experience and his communication with teachers 
teaching in Latin America, it is not uncommon that class 
enrolment will be up to 45 students. If CAI is used for 
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T^ble 12: Mic rroconputer Requi renen t**j 
Per InstructioHcil Type 



Drill & Problem 

Pract i je Tuto c i a I Solv ing S imulat ion 



Memory 

IRAM/ 4-8K 

Lower Case 

Characters 

Cassette &/ 

or Disk C 

Graphics 

PC inter 

Floation Point 

Ar ithmetic 

Files 

inter face 

No . of 1 ines 

on Display 12 



: 5 32K 



Y 
Y 



8K 



8-32K 



D 
Y 



16 



24 



Note: i-Yes C=Cassetce D=Disk 

So'^rce: Homeland , R. , quoted from Thomas.. D. 1981 



ERLC 



S3 



BEST COPY AVAILABLE 



Tnble 13' Comparison gf t-he Features of Popular Class ^om Mlrrocomputers 



r AIM ( AiSl 1 TL HASH) 
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DISPLAY 

#of characters 
per line 

Upper/lower 
case 

G>lor 
available 

quality 

KevBOARC 

Standard 
typ writer 

Nunnerk 
keypad 

#oi Uy» 

CHARACTERISIICS 

ROM'ir Aximum 

RAM-typical 

RAK maximum* 

Disk 
capacity 

Can regular 

TV 

*lore than one 
uMr per disk 

Tape loading 
tpecC 

Full-scrccn 
editing 

Portability 
(fofpMcesr* 

BASIC includ- 
ed in price' 

ExpKted to 
continue in 
production * 

NOTES 



VIC 
20 



22' 
Ye» 



Similar 



66 

SK 
SK 
32K 
NA 

Vet 



41 cpi 
Yes 



PET 
4032 



Vcs> 



ISK 

32K* 
32K 
NA 

No* 



41 < 1 ' 
Yei 



$800 



' 40 col «>piion available *rom anoihei minu 
faclurer 

* 80 col available aleKiracoit 

' Requires typing a POKC staicnn '»( 

* Twu sues o1 upper case letters, no ir je lower 

C<MC 



COMMODORJ 
64 



66 

20K 
64K 
64K 
NA 

Yes 



1950* 



rrs 80 
I'l 



65 

I4K 
16K 
4gK 
NA 

No* 



SO 



Yes 
2 



♦gso 



( ARTKlOCe BAStO 



ATARI 
400 



40 



I OK 
I6K 
4SIC' 
NA 

Yes 



NA 



$625* * 



ATARI 
800 



61 

10K 
16K 
4glC 
NA 

Yes 



$9S0' * 



Source: Williams & Shrage p. 8 



* I6K PCT rcccnily oivconiinucd 

* In chassis mairimuri 

* Rcqi/ircs hardw«'^ from ' diHereni martu 
I «c(urcr 

* Black (or i^recn) and white monitor builc in 

* Requires ^ddiiional hardware 

'* PfCkcntly requires hardware from a different 
minuf acturrr. Apple will introduce *IS own 



TEX INSTR 
99/4 A 

26 



32K 
I6K 
46 K 
NA 

Yes 



$550' 



ATARI 
400 



No 
61 

10K 
16K 
46K' 
86K 

Yes 



AT AKI 

800 



I OK 
46K 

46K 
86K 

Yes 



$1200* • $1S0U' • 



fRS 80 
il 



^aii 



14K 
16K 
4gK 

I36K 

No* 



1650' 



Kard^^are ihorllv 
' ' kequtres i more «xpenkivc disk drive 
' ' Can be speeded up ai addiiional cost 
' ' User selcciabic 
* CRr. keyboard CPU. smr^lt casvsiie or sinxie 

disk drive 

'* Based oi. /^dustry rumors and publications 
* * Includes vOlor monitor (when appropriate) 



APPLt 
2* 



40^ 



Vefy Oood 



52 

24K 
46K 

<40l 
Extra ( 
Yes' • 



;i 750'* 



'^OMMODORl 
64 



40 



Similar 



66 

20K 
64K 
64K 

Yes 
Yes' ' 



$1250' 



IBM 
PC 
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83 

40K 
64K 

512K' 
160K 

Extra % 



Nc 



$29C 



typical RANi and single disk Jrivr or cassetir 

(except c «Mrid|e umii) 
' ^ ApproKi [r nail order pni c prr umr jsiumt(i| 

urdef of Ihrre umls 
' * W.ih cOiv^r monitor 
' * With 48K RAM 
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mainline instead of adjjnct instruction, 45 microcoiiputer 3 
I'icive to be purchased/ which amount to U.S. $56, 25 

Besides these microcomputers, at least one printer 
should be available in the computing room for the prinnirt 
of hard copies. According to a recent price survey carried 
out by the editors of Creative Computing (1983) , there are 
25 types of printers which are under U.S. $1,000. Thus, it 
is .easonable to t^ke $1,000 as the cost of a printer in 
Mex ico . 

(b) System Software and Courseware 
The microcomputers that ac3 parchaStid have 
already built-in operating systems. If the BASIC 
programming language is used and no utility programs (e.g. 
for word processing or record keeping) are required, no 
extra cost for software has to be included. As for 
courseware, they can either be bought or developed locally. 
The latter method is preferred I'Ocaase they are un^re 
appropria'-c to the local conditions. Initially we shall 
assume that two full time teachers have to be devoted for 
the development of the.,e courseware. Cost of training will 
not be included since this is usually provided free cf 
charge by the computer manufacturers. The cost of 
'::ourseware is therefore calculated in terms of teachers' 
salaries. In ouc case, the salaries of two Mexican teachers 
amount to U.S. $3,752 (in 1978, UNESCO, 1381, see Note 4). 
(c) Telecommunication Costs 
No telecommunication «".ost will be incl ided 
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3ince all the m icrocoiiiputecs ace stand alone computers. 
(c3) Operating Costs 

With regard to operating costs, one coordinator 
is needed in the computing room for time- tabling and also 
serving as a teaching assistant. This coordinator should 
have some knowledge of the microcomputer and should be able 
to give advice to students and teachars. He should also 
provide assistance in the development of the courseware. 
Thus the salary of this coordinator should be more or less 
the same as a high <=:chool teacher, which amounts to 
U.S. $1,876 per year (UNESCO, 198 1) . Together with the two 
full time CAI Ir»<=;tiuctors/authors , a team of three teachers 
should be sufficient to look after the CAI system and dvelop 
the courstBware. 

The operating cost also includes the use of 
facilities and buildings. Construction of a computing zooax 
is too costly and non-essential. Lack of fundb is one 
reason and bureaucratic practices in many developing 
countries may only delay the construction of the room 
indefinitely. Thus it is more practical to house these 
microcomputers in a classroom or a special room vhich is 
already available in the school. One class may have to 
share a classroom with the othors so that a rorm is made 
available to house these computers, which means no 
additional cost. 

The cost of maintenance of the hardware and 
software should also be included in the estimation of costs. 



ERIC 



87 



75 



P service contract w^ith the wholes-^ler/nanuf actar er can 
usually be secured at a 10-15% of the prices of the products 
(per year) . In view of the backwardness of the 
transportation network and the lack of service personnel in 
the developing countries^ 15% of the prices of the 
ntiicroco.Tiputer s and the printer, which amount to U.S. $8, 785 
is estimated to be the cost of maintenance of the hardware 
per year. 

As for the ma in ten a nee of the cour sewar e , i t 
will take the form of updating the CAI programs in every two 
or three years. Since two teachers have already been 
employed as courseware developer, no cost oi mantaining 
courseware is inc^'uded in the present cost est ii*ria t ion , 

(e) /otal Cost 

With all these costs added up together , the 
initial capital invef^tment will amount to U,S,$7l,663, 
which is summar i sed in Tabl^ 14, 
6 • 3 • 3 • 3 ' nnual Cost of c he CAI System 

Howev J, the total cost that we have jus': computed 
does not represent the annualised cost of the CAI system. 
As we have mentioned before, the hardware, software d 
courseware can be used for more ^\an on^ year, and their 
costs should therefore be amortised. The annualised cost of 
the hardwaL'e is therefore depends on its initial cost, C, 
its lifetime, n, and the social discount rate, r. Table 15 
shows the annualised cost of the computer hardware when iti^ 
I i fet ime is between one and five years and the soc ial 
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Table 14: Summary of the Estimated 
Total Cost of a CAI System in Mexico 

Cost compone n t U • S • $ 

(a) Hardware 

Cost of 45 microcomputers 56,250 
(at $1,250 each) 

Cost of 1 printer 1,000 

(b) Software & ''ourseware 

Salaries of 2 teachers 3,752 

(c) Operating Costs 

Maintenance (15% of $56^750) 8,785 

Salary of 1 coordinator 1,876 

Total 71,663 
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Table 15: Annual ised Cost of Computer Hardware 
of Coraputer Hardware of a Cai System with 
different interest Rates(r) and Years(n) 

TVnnual v.ost(in U.S. $) w'th interest rates of 



Year 


10% 


15% 


2C% 


X 


57,250 


57,250 


57, 250 


2 


32,987 


35,215 


37,473 


3 


23,021 


25, 116 


27, 178 


4 


13,061 


,i0 .OS3 


22,115 


5 


15,114 


17,061 


19, 143 


6 


13,145 


15, 128 


17,21b 


7 


11,760 


13,761 


15,884 


R 


10,731 


12,814 


14,924 


9 


9,941 


11,998 


14,205 


10 


9,317 


11,409 


13,660 


Nets: 


The initial cost 


(C) of th;^ computer 


hardwar e 



is U.S.$ 57,250 
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discoant rate is between 10%-15%. When the value of C, 
i.e., the initial cost of the hardware is U. S. . 57, 250 and 
assuming that the lifetime ot the m icrocoTiputer and printer 
is fwe year (Note 5) ar.d a social discount rate of 15%, 
we have the following: 

annualised cost = C X [ r(l + r)'^]/[ (l + r)'^-!] 

= 57,250 X [0.15:1.15)^ ]/[ (1.15)^ -I] 
This is equal to U.S. $17,061 per year. 

For the annualised cost of the courseware, it is 
reasonable to expect that it can operate for at least two 
years before updating is required. Thus, the cost of the 
courseware development , i .e . the total salaries of the 
teacher/aut rs should be halved, which amounts to U.S. 
$1,876 per year. 

The total annualised cost of this CAI system is 
summarised in the following table. Table 16, with different 
interest rates taken into consideration. 

As can be seen from Table 16/ the annualised cost 
of the hypothetical CAI system ranaes frc,.. O.S. $27,651 to 
$31,680. If we take 15% as the interest rate, which is 
rather reasonable in view of the present and forseenable 
world economic situation (at ^resent, the interest rate is 
only r^bout 10%), the cost of our system is U.S. $29, 598 per 
year . 

The total annual cost of the CAI system is less 
useful than the average cost per student per year, if we 
w^nt to compare it with the cost of traditional method of 
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Table 16: Total Estimated Annual ised Cost of a CAI System 
in a Mexican High Schocl,in different interest rates 

Annual Cost (in u.S.$) 
with interest rates of 



Component 



10% 



15% 



20% 



(a) Hardware 

45 microcomputers 

and 1 printer 15,114 
(b. Courseware 1,876 
(c) Operating Costs 

Coordinator 1,876 

Maintenance 8 ,785 

($)Total 27,651 



17,061 
1,876 

1,876 
8 ,785 



19, 143 
1,876 

1,87b 
8,785 



29 ,598 



31,680 
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instruction. If we assame that there are eight CAI sessio-is 
per day that each Lasts for 40 tiinutes and occurs five ciays 
per week, there are c=>ltogther 40 CM sessions per week. 
With 45 terminals, tliere are totally 1,800 terminal/sessions 
that can be used by students in the high school. With an 
enrolrr.ent of 900 students, each student can then receive two 
CAI lessons per week, either of the same, or different 
subjects. In this case the CAI cost per student per year 
will be U.S. $29, 598/900, which is U.S. $32. 89, or $33 per 
year for two sessions per week . 

We can also compute the CAI cost per student per 
period (40 minutes) . Assunring tha*- there are 150 school 
days par year, and 8 CAI periods per day, with 45 terminals 
available in the school, there are alto'^ether 54,300 (180 X 3 
X 45) terminal/periods per year. The cost per student jez 
contact perio'3 amounts to U.S. $0.46 ($29,598/64,300), which 
is substantially higher than instructional computing 
delivered in the developed countries. As we have men*".ioned 
before, one study (Doerr,1979) reported that the cost was 
only $0.18 per student contact hour. The reason for a 
higher cost in the developing countries may be due to the 
higher spending on the development of courseware. In 
developed co*antr ies ,espec i ally in the U.S. A. or Canada, t>^e 
courseware irf commercially available or may be obtained 
cheaply "rrom somo non-profit making user groups. 
6.3.3.4. Cost Ef fectivenos3 of the CAI System 

If we compare the cose that we have j us t computed 
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with the cost of the traditional nethod of instruction in 
Mexico, we can see whether CAI is cost-effective* The cost of 
traditional instruction is based on the spending on 
teacher's salary p^r student. The avarage salary of a 
high school teacher was U.S. $1^876 in 1978 and the 
student- teacher ratio in that year was 17 (UNESCO, 198 1; . 
Assuming that there are 180 school day.,, and each teacher 
has to teach 6 periods per day, then they have to teach 180 
X 6 X 17 students-periods per year. Thus the cost of 
instruction per student per period amounts to U.S. $0.10 
($13,76/(180 X 6 X 17)), whi^h is very much cheaper than 
the cost of CAI, which is $0.46 per studen t-^per ^od . 
However, we b^ve to note that the cost of traditioanal 
instruction is underestimated since teachers' salaries should 
have been increased in the past five years. But even with a 
real increase in salary of 10% per year, which is highly 
unlikely due to the inflation in the Mexican economy in the 
past ew years, the cost will only be increased to U.S. 
$0.16. 

The CAI cost would be smaller i f we take it as a 
mainline instruction because we can deduct the cost of 
traditional instruction from the CAI period. Thus, the CAI 
cost per period per student would be reduced to U.S. $0.36 
($0. 46-$0. ] ) . Also, if we take the reduction of learning 
time into consideration, a time reduction factor can be 
included in the calculation or the CAI cost. Time saving 
of CAI of between 20-40% were doc^nented in many studies, as 
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have been reviewed in chapter three, A fnotferate tine 
reduction factor of 0,7 is taken in oar study, nieanin^j that 
students receiving CAI can reduce their learning time by 
30%. Thus the new CAI cost becomes $0.25 ($0.36 X 
0.7), still 2.5 times more expensive than the traditional 
method of instruction, which is not considered to be 
cost-effective at ill, 

6.3.3.5 Cost Feasibility of the CAI System 



Instruction and then compares it with the traditional 
instruction. But CAI can also be caken as an adjunct 
instruction, providing remedial or enrichment experiences to 
the students, in that case, the cost of Chi will be 
considered as an a'Jd-on cost. We have therefore to consi'3er 
whether it is feasible for a Mexican high school to spend 
U,S.$33 per student per ye^r on CAI. In order to examine 
whether it is cost- feasible, one method is to examine the 
annual government spending (capital and current) in 
education per student. The most recent data that we can get 
is 1978, and although it is possible for us to estimate the 
spending on education in 1983 by means of projection, the 
figure obtained will not be too reliable since there wa3 huge 
inflation and landslide devaluation of the peso in the last 
year. Also, there is no reason to expect a great increase 
in gove ^ent spending on education in the past few years. 
Thus we stick to the 1978 fiugures. 



The preceding cost analysis takes CAI as a mainline 



From Table 17 we can see that only U.S. $11.12 were 
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Table 17: Government Spendings on Students in Mexico, 1978 

Spendings No. of Spendings/ 

(in peso, 'OOP) Stude nts Student (U.S.S) 



Total 


99, 336,555 


18, 


226, 


505 


239. 


40 


Capi tal 


4,613,454 


18, 


226, 


505 


11. 


12 


Current 


69,759,301 


18, 


226, 


505 


168. 


10 


Prima- - level 


25,581,129 


13, 


614, 


115 


82. 


53 


Secondary level 


16,055,020 


3, 


914, 


251 


130. 


15 


Tertiary level 


17, 584 ,452 




698, 


138 


1, 106. 


24 


Source: UNESCO Yearbook , 198 1 , 


Tables 


4.1, 


3.11, 


3.7,? 4 





and Appendix C 
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Spent as capital ias/estment per sfcadent in Mexico in 1978 . 
Even if all the noney were spent in the implementation of 
the CAI, it was jui>t short of about 22 dollars per 
student. Of the $180.15 spent on a high school student as 
current expenditure, only about 12% (estimated from 1977 
figures, see UNESCO, 1980) were allocated for direct teaching 
materials, which amounted to about $22 while $110 were spent 
as teacher's sa ary. Only if all the current expenditure 
on instructional materic^ls, in addition to the capital 
expenditure were spent on the CAI system would its cost 
be covered. 

We can see that the add-on cost of U.S. $33 per 
student is so high that if no additional funds are injected 
into the educational sector, either by the government or by 
some international organisations, CAI appears to be 
unal tr ac*-ive to Mexican schools, at least economically. 
However, CAI can still be introduced at the cost of 
providing less of some other school resources to the 
students. Actually, some writers advocated tliat with the 
introduction of CAI, the student- teacher ratios can be 
increased (e.g. see Butman , 1975 ) . Jamison (1976) has 
suggested a formula to calculate the opportunity cost of 
CAI, ice. the cost (not in monetary term) that we have to 
pay in order to introduce CAI. For example, the increase of 
the class size. From the following equation, we can 
calculate the new class size of our hypothetical Mexican 
school if CAI is introduced. 
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T _ T 4- C(S + A) 
S S + A 

Where T= total spending on teachers' salaries 
for a class of 45 students i.e. 
$110 X 45 
S= the class size before CAI is 

introduced i.e. 45 
C= cost/student/year of CAI i.e. $33 
A= the naiiber of additional students in 
the class that requi red to finance 
the CAI 

From this equation, we can calculate that the 
additional students required to financt^ the introduction of 
the CAI for a class is about 20. That means, the class size 
has to be increased from 45 to 65, a very substantial 
increase and obv iously impossible to achieve . 

Another way is either to cut down the n amber o f 
teachers or their salaries. Since $J3 has to be spent per 
student per year on CAI and about $110 has to be spent on 
teacher's salary per student ,we can see that either 
trie salary or the number of teachers in the school 
has to be reduced by about 1/3, if CAI is to be 
introduced. It is surely impossible, form both educational 
and political points of view. 
6. 4 Summary 

In this chapter we have discussed the cost 
structure and components of a CAI system. Based on this 
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framework, the cost of a CAl system in a Mexican high 
school was calculate'5. Its cost-effectiveness and 
feasibility were then computed. It was found out thac in 
this hypothetical case the use of the microco^uputer in 
education could not reduce educational costs since it was not 
cost-effective and was not feasible for the educational 
system . 
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CH2^PTER 7 

TH2 APPROPRIATENESS OF CAI Ii^ DEVELOPIMG COUMTRIES 

7 • 1 Introduction 

In the preceding chapter the cost effectiveness of 
CAI in a developing country was estimated. Although it was 
only a hypo the tic a 1 case , it g-=ive us some idea of how 
expensive CAI in a developing country could be. Unless 
there is drastic reduction in the cost of computer hardware 
and software , which is quite possible because of the 
competition among computer manufacturers and the rapid 
expansion of market into the developing regions, CAI won't 
be extensively employed in the Third World. In this chapter 
the writer wants to argue that even if CAI is used in 
future in the developing nations., due to economic or 
political reasons, it may not be appropriate or efft^^ctive 
and it may create more problems than it can solve. We would 
like to discuss these problems one by one. 
7.2 Economic Consideration s 

CAI may not be appropriate to the Third World 
because one should be aware that as a new technology, 
particularly when it is considered as a product (i.e. a 
particular item or set of equipment) instead of a 
process (i.e. the systematic approach to learning 
(Harptr , 1979) ) , it is developed in the developed countries 
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an3 is then transfer trei to the lievloping countries. Like 
the transfer of technology in general , as (Hscussei by inany 
economi sts (e.g. La II ^ Stree ten, 1977; Moxon,1979), the 
problem of appr opr ia teness ar ises • The reason is that 
"technology is not a neutral entity, but reflects the 
culture, the conditions and aspirations for which it is 
conceived and for which it is intended. It is not just a 
'node of production, but embodies and reflects the economic, 
social, political, cultural and cogn i tive in odes of society 
in which it is produced." (Ventura , 1981 ,p , 60) 

The inappropr iateness of the transfer of technology 
from the developed to the developing nations can be expla- 
incrd by the difference of economic conditions exper- 
ienced in the two regions. When we talk about economic 
conditions, we mean that the factors endowment i.e., the 
availability of labour and capital that countries have atre 
different. Although the factors of production (i.e. lab- 
our, capital ,land ) can be changed theoretically to suit 
different economic conditions, in reality, only econom- 
ically efficient production methods will be employed in 
production- What is economically efficient depends on the 
ruling factor prices in which the production method is being 
developed. As the real wages of labour in the developed 
countries are becoming higher and higher, the factor price 
of capital becomes relatively cheaper. Thus the products 
and the process of production tend to be capital intensive, 
with higher rates of capital expenditure per man. It is 
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.^l3o labour saving, with lower rates of labour per unit of 
output. In this way the cost of production is iiiini.Tiise^l . 
Put in the devel opi ng coun tr ies the econoin ic coadition is 
just the opposite, where the supply of labour is abundant and 
capital is scarce. When capital intensive products and 
production methods are transferred to the 

developing countries, the use of resources is inefficient 
and the production cost is therefore hi^ner (Lai, 1981). 



industries, it is also relevant to a great extent to edu- 
cation. The huge difference in capital resources between 
the developed and developing countries can be seen from 
Table 18. From this table we can see that the public ex- 
penditure on education per inhabitant in the developed 
countries was nearly 30 times more than the developing 
countries in 1978. It is no wonder why capital intensive 
technologies can be used in the developed nations. Computer 
(and CAI) is a very capital intensive technology which can 
be economically advantageous to the educational system in 
developed regions simply because the salaries of the teach- 
ers there are very high. As seen from Table 19, which 
compares the salaries of high school teachers in selected 
developing and developed countries in 1978, the salaries of 
teachers in the latter were very much high than the former. 
In terms of expenditure on teacher's salary per student, the 
developf: 3 countries also were much higher than the 
developing countris. For example, W. Germany was about 22 



Although the preceding discussion refers mainly to 
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Table 18: Public Expend it are on Education 
Per Inhabitant in Selected Reg ions, 197 8 

Region Spending (in U ,S >$) 



Developed Countr ies (Total) 366 

North America 622 

Developing Countr ies (Total) 26 

Africa (excluding Arab States) 21 

Asia (excluding Arab States; 52 

Latin Amer ica 60 



Source: UNESCO Yearbook , 1981 
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Table 19: Average Salary of High School 
Teachers and Expenditure on Teacher per Student 
in Selected Countries,1978 (in U.S.$) 

Average Expenditure 
Average SalaL'y on Tea cher per Student 



Developed Coun tr is 

France 16,918 1,220 

Japan 16,?35 960 

W. Germany (1977) 36,094 2,427 

Developing Countr ies 

Mexico 1 ,876 110 

Botswana 4,735 281 

Venezuela (1975) 4,998 298 



Source; Cop.puted from UNESCO Yearbook , 1981 . 
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times as tiuch as Mexico. With such a high labour 
cost/ it is 79Ly i'Tiportai>t that their tiiTie be properly 
utilised and the use of capital 'ntensive technology would 
be relatively cheaper. 

In the developing countries, however, because the 
salaries of teachers are not as high as developed countries, 
and because of the lack of capital (and foreign exchange), 
capital-intensive technology should not be employed 
there. With limited funds in the educational sector, the 
question is where they should be channelled. in Tiy view, 
in V iew of the pr esen t economic conditions of the Th i rd 
World, funds should be used in the most effective way so 
that most children can be properly educated. It seems to me 
that the emphasis now should be placed more on the quantity 
instead of quality of education. Thus, other educational 
technologies such as ETV and radio, which are more effective 
in mass education, rather than individualised ins\ructioa 
may be promoted. Indeed, various successful cases have been 
documented, as mentioned before. 
7 . 3 Cultural Considerations 

The new educational technology ma^ not be 
appropriate in the Third World (in the sense that it is less 
effective) also because of the difference in culture. As 
suggested by Pena (1933), an educator in Latin America, one 
of the reasons why education technologies which tried to 
penetrate in Latin America have failed has been the 
technologist's lack of awareness of the impact of technology 
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on any culture. It 1*5 ^^icgued that any new educational 
technology cannot be successfully i-nple'iien ted if its de- 
velopment is not a response to the indigenous people's own 
probleini, but rather as the result of the expansion nnovement 
of other people. As for CAI, it basically emphasizes 
individualised learning. Also , no natter what CAI mode is 
used. It is mainly visually-based. However, even up to 
now, teacher is still the centre of the teaching-learning 
process in the Third World (Gal Igos , 1982 ) . Students usually 
lack the cultural background and motivation for learning 
without an instructor under an open time frame. Also, the 
primary mode of transmitting knowledge in these countries 
has historcially been an oral one. Even the textbook is 
considered to be secondary (or, students simply can't afford 
to have textbooks). Thus, the transmission of knowledge by 
any other means, like CAI, may be considered as a lesser or 
limited worth in some societies (Gal legos , 1982 } . With the 
cultural difference in mind, CAI which is effective in the 
developed countries may be less effective in the Third 
World. Even if CAI is to be used in the Third World, it 
may have to be modified and designed to solve The Third 
World problems. It has to act within the social and 
cultural environment of The Third World and its economic 
possibilities (Pena,1983) . 
7 . 4 Educational I nequal i ty 



the Third World, we referred only to its oenefits or limit- 



So far when w€ talked about the transfer of CAI to 
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ations to the v^hole country, without discussing the question 
of who will creally benefit fron this transCer. We should 
note that when CAI is transferred to che Third V^orld, not 
every school board will ^ble to purchase it. Instead, 
only the richer schools, which are usually localied in the 
larger cities will be able to afford to buy these computer 
hardware and software. The disparity of resources betwee'i 
urban and rural areas in the Third World is docamented. For 
example, according to one study { Cummings & Leinke , 1973 ) , the 
most urbanised states in South Brazil containing 35% of the 
population spent 59% of the educational budget and the major 
state of the region, Sa:i Paulo, had an educational per 
capita expenditure 7 times as great as the states of the 
Northeast, which contained 22% of the population. The urban 
schools can set up a CAI system because they probably have 
the expertise, mainly due to the higher qualifications of 
their teachers, or they are located near to the 
universities. But the students who live in rural -..reas, 
are the last ones to benefited from this technology. 
In this way the rural-urban disparity in educational 
quality will further be enlarged. However, even 
if rural kids do receive CAI and improve their achievement, 
they have no greater opportunity for employment than before. 
The reason is that the employment opportunity in the rural 
areas is simply limited. By using CAI, the education system 
may be internally r.ore efficient in teaching, say, e.g. 
Mathematics. But externally it is not sucessful at all 



ERIC 



107 



95 



(McAnany , 1978) , Thus, with the transfer of co.nputer 
technology to the educational sector in the Third World, 
there -night be some marginal and isolated c::hanges while the 
basic educational structure will not be changed at all. 
7 . 5 Summary 

In this chapter the appropriateness o£ using CAI in 
the Third World was ^'iscussed and evaluated. It was argued 
that the new educational technology might not be appropriate 
for tne developing countr ies due to economic and cul tural 
reasons. It mi<3ht also increase the disparity in 
educational opportunities between urban and rural areas. 
Unless the cost of CAi is further reduced so that it is less 
costly (econoTiic consideration) and equally effective 
(cultural consideration), compared to tradicional 
instruction , Lnen its application in secondary education In 
the Third World should not be encouraged. 
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CHAPTER 8 

SUMMARY, CONCLUS IONS ANJ RECOMMENDATIONS 

8. 1 Summary 

The purpose of this project has been to examine 
whether the use of C is cost-effective in tiie developing 
countries. If it is indeed cost-effective, relative to the 
traditional -iiethod of instruction, then it may help to 
reduce educational costs whiclj is one of the factors 
hindering the expansion of err.olment in primary and 
secondary education. 

Ir; order to examine the cost-effectiveness of CAI 
in education in the Third World, we have first of all to 
examine whether CAI as a method of instruction is effective 
OL not. Trom the review of literature we found that thv3 
use of CaI was effective in the developed countries where 
studen'js receiving CAI had a higher achievement and could 
reduce the time for learning. With regard to cocts, the 
result was not conclusive becci»^se these studies were very 
situation-specific. In some cases the CAI were lass 
expensive while in others they were not. 

Due to the lack of field research findings of the 
application of computers in education in the Third World, 
questionnaires were sent to major computer manufacturers in 
the U.S.A. to solicit information of their sales of 
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corupater hardware an^3 software to the Third World. A hyp- 
othetical case was used to calculate the cost of setting up 
ir.icrocomputer-based CAI system in a Mexican high 
school. Cost of the computer hardware was based on 1983 
prices found in the U.S. domestic market while the cost of 
courseware was based on the salaries of the Mexican high 
school teachers in 1978. The cost of the CAI system per 
student per period was then compared with the cost of 
traditional method of instruction. The total annual CAI 
cost per s^'udent was then compared with the government 
annual spendin-^ per student, so as to evaluate its cost 
feasibility. The limitations of the study was also dis- 
cussed . 



a CAI system in the Third World, this project also discussed 
' ie appropriateness of using this technology in these 
countries, since the socio-economic situations between 
developed and developing counti ies are so different. The 
economic and cultural factors were taken into consideration 
whil'^^ whether CAI would have adverse effect on educational 
opportunity and quality of education in the rural acea.-9 was 
also discussed. 
8 . 2 Conclusions 

From this study the follo^^nng conclusions c^n be 

drawn : 

( 1 ) The cost of a CAI system , usi ng microcomputer 
as the delivery device is the least expensive of the three 



Besides examining the cost-effectiveness of 
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possible systeais since the co-npatet: hat:.3wace is th'-: leaot 
expensive and other costs, e.g. teleco-Timun ica tioa costs aaJ 
the cost of other peripheral facilities are not included, 

(2) The cost of a CAi system in a developing coun- 
try may be nnore expensive than a similar system in the 
developed country due to the cost in the development of t..? 
courseware. In the developed countries, jch courseware is 
commercially aN/ailable. But in the Third World, due to the 
difference in culture and language, local courseware will 
have to be developed. 

(3) The CAI system may not be coc t-ef fee ti ve in the 
Third World if it is taken as a mainline instruction. In 
our hypothetical case, the CAI cost per student per period 
was U.S. $ 0.46, while the cost for traditional method of 
Instruction was only U.S. $0.10 per student per period. 

( 4 ) Tak ing the reduction of learning time into 
consideration, which may not be capitalised by the system 
s i nee even wi th the shor tened instructional t ime , the 
educational system may not be able to translate that into a 
decreased time in school ing for students in a manner which 
will offset the added --ost of CAI, the CAI was still 2.5 

tiiies more expensive than the traditional method ot instruction. 

( 5 ) Taken as an ad j unc t instruction, the CAI would 
become an add-on cost. With a government spending (capital 
expenditure) of only U.S. $11.12 per student in Mexico in 
1978, which may not be substantially increased even in 1983, 
a total annual CAI cost of U.S. $33 per student appeared to 
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be too expensive foe a iev/eloping country. This C?^I cost 
would not be too heavy for the governments oc the developed 
countries to bear since theic spending per student is much 
c^eatec. This C^I cost is currently not feasible for the 
developing countr ies . 

(5) The CAI as a technology may not be appropriate 
for the developing countries. In the economic sense computer 
is a capital-intensive technology developed in countries 
which are abundant in the supply of capital. The 
developing countries, on the contrary, are capital 
scarce while labour abundant. In the developed countries, 
t*h^ salaries of teachers are much higher than the developing 
countries (e.g. the salary of a high school teacher in 
West Germany was 22 times more than a Mexican teacher in 3 973) 
which may justify the use of computers in scondary schools. 
Even if funds are available, they should be channelled to 
those technologies which are less capital-intensive. 

(7) Due to the difference of cultures, CAI may be 
less effective in the Third World because students are not 
used to individualised and visual learn^^ng. 

(8) CAI may increase the disparity of educational 
opportunities and quality between urban and rural areas 
since only those rich shcool districts are able to purchase 
computers overseas. Even if rural schools have a chance to 
use CAI, and therefore improve the quality of education 
there, students may not have a bette** chance for social 
mobility sinc3 better jobs are only available in the citiRS. 
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Better educated students in trural areas 'Xiay then iiigtrate to 
the cities, thus aggravating the problem of rural-urban 
migration. 

(9) Finally, CAT may not be the best method to 
iinprove the quantity of education in the Third World even if 
it may reduce educational costs because its emphasis is 
on ind iv idual i sat ion . Instead, technolc^ies which focus on 
mass education, like radio or TV may be better methods, in 
view of the urgent need for the elimination of illiteracy in 
the developing countries. 
8 . 3 Recommendat ions 

After conducting the study, the fol lowi ng 
recommendations are made; 

(1) There is an urgent need for educators to 
conduct more empirical field studies in the developing 
countries on the applications of computer in education in 
general, and the application of CAI in particular so that 
more information can be available to policy makers as regard 
to whether CAI should be used. 

(2) A framework for the calculation of cost of the 
CAI system in the Third World context should be worked out 
so that the cost-effectiveness of CAI can oe measure.^ . 

(3) The appropriateness of CAI in the developing 
countries also deserves more attention. It may be more 
important than simply considering the costs. 

(4) The impact of CAI on the culture of the Third 
World societies should be examined since even if CAI can 
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solva sotie of the eJncational problems, it may create more 
problems in other areas, 

(5) Finally, the computer should not be considered 
as the panacea of all educational problems in the Third 
World. What we have discussed shows that at best it can 
only alleviate a few educational problems. The complex and 
intertwining educational problems in the Third World may 
only be understood from a socio-economic perspective and 
solutions to these problems may only be found there. 
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RFFERENCE NOTES 



1. The countries surveyed were: Kenya, Nigeria, Senegal, 
Tanzania, Uganda, Malawi and Ghana In Uganda, no 
informatics education and training facilities were availablve 
while faci Lities i.i Nigeria, Ghana and Kenya were far more 
better than the other countries. 

2. However, the reader has ho be reminded that co'Uputer 
"Tianufac turer s accounted for the larger share of education at 
the operation, programming and system design and analysis 
levels in Latin America (see Barquin , 1975) . 

3. The annualised cost of construction was U.S. $8,524 
while the total cost was U.S. $100,000. 

4. The average salary of o high school teacher was obtained 
by diviclng the total teachers' emoluments by the total 
number of teachers in the second level of education, which 
actually included teachers who were teaching in the 
teachers' craining college. The salary was then changed to 
U.S. dollars by multiplying the exchange rate, which was 
0.04392 (1 peso to 0.04392 dollar) . 

5. The depreciation rate of a microcomputer was obtained by 
personal communication with the instructor of the computing 
room of the Faculty of Education , Queen' s University. 
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APPENDIX A 



C overing Letter 



FArULTY OF EDUCATION 
DLNCAN MCARTHUR HALL 
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QiiL'L'ii s L ni\ 0! sit\ 
km^stoii Canada 



May 3,1983. 



Dear Sir, 



Re: Request for Information on Computer Applicat ion 
in Education In Developing Countries 

I am a graduate student In the Faculty of Education of 
Queen s University and am now doing research on the cost-ef fectlveness 
of U3ing computers In education (computer-asslsted and managed 
instructions) In developing countries. 

I would be most grateful If you could provide rae general 
information on the sales of computer hardware and software f large 
mini or micro-computers) of your esteemed company to developing * 
countries for educational purposes during the past few years. 

aDDrer<«fJ"?f°"'' ^^^V/ ""'^ questionnaire and It would be greatly 
appreciated If you could complete and return It to me at your earlles 
convenience The data obtaln.d will only be used for research purposes 
and you- help will be duly acknowledged. eposes 

Thanks for your kind attention and I am looking forward 
to hearing from you soon. 



Yours faithfully. 



C Kwok-Wlng Ul ) 
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APPENDIX B 



Questionnaire on the Sales of Computers to 
Developing Countrlea for Educational Purpoaea 

Name of the firm: 



Date: May 10. 1085 



Please complete Part I first. Return the completed questionnaire not later 
than June 10, 1983 to Mr.Kvok-Wlng Lal^Rm. A031, Duncan McArthur Hall, 
Faculty of Education. Que^r/s University, Kingston, Ontario, Canada K7L 3N6 . 
Thank you for your co-operation. 



Part I 

1. Have you ever sold ^ny computer hardware to any developing countrlea? 

(^ES)/ NO 

If your answer Is YES, please answer questions In Part II. 

2. Have you ever sold any computer software to any developing countries ? 

(^S)/ NO 

If your answer Is YES, please answer questions In Part III. 

^ £veu it your answer tor both questions are wu, ic Is ImportauL co ia> 
research that this questionnaire be returned to me . * 



Part II : Computer Hardwar e 



Large Computing Mini* Micro- 
System Computer Computer 



1. Quantity of computer hardware 
sold to developing countries 
for educational purposes (up to '83)? 



Apnrox. 60 



2. Price range? (In U.S.$) 



$200k-$400k 



3. Is maintenance provided? (YES/NO) 



4. At what price? 



yes 



Approx. $40k 
per location 
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5. Is training provided? (YES/NO) 

6. Cost of training. 

7. Is software provided? (YES/N0> 

8. List, in decreasing order, the 
institutions in the educational 
sector which have the highest 
demand of computer hardware, 
(e.g. ministry of education, 
university, high schools, etc.) 



Large CompuLlng Mini- Micro- 
?>ywt'om Coir.put-nr Comput-or 



1. 
2. 
3. 



ves 



Approx. $1001' 
per site 

yes 



1. 
3. 



1. Arr ed For ces 

2. Industry 
Vocational 

.3. Schools 



9. List, in decreasing order, the 
three developing countries which 
have the highest demand of 
computer hardware for educational 
purposes, (up to 1983) 



!• Kindom of Saudi Arabia 

2. United Arab Emirates 

3. Indone^ la 



Part III: Computer Software 



1. Quantity of educational software 
packages sold to developing 
countries. 

2. Price range (in U.S. $ ) 

3. Quantity of software packages 
leased to developing countries. 

4. Price range of monthly lease. 

5. Is training provided? (YES/NO) 

6. Cost of training. 

7. Is maintenance provided? (YES/NO) 

8. At what price? 



Large Computing Mini-" Micro - 
Sys tem Computer Computer 



Approx . 6 C 
$50k-<;7Sk 



NOT APPLICABLE 



yes 
$lobk per 
site 



no 



NOT APPLICABLE 
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1.1 nf, I ho run Jor prohlrcnfl oncounlorod 'n AolllnR conipntcr linrdwnro 
cod/or software to developing countries. 

1 . Lack of Technical Ability 

2. Language 



Oth<»r comments/deta-J Is- 

In interperting this questionnaire it is important that you 



are typically the various branches of the Armed Forces whose personnel 
need maintenance traininp. To satisfy this requirement. Educational 
Computer Corporation markets a standard system, consisting of a 
microprocessor based computer system, and a random access projection 
system. This general configuration is then customized by developing 
a unique simulation which is used for teaching the various subsystems 
of an aircraft, a tank, etc. 

Using this training device, trainees can be taught logical/safe 
electrical, electronic, hydraulic, etc.j, troubleshooting procedures 
in a classroom environment. This preserves the actual equipment, e.^. 
a tank or an aircraft for full operational use, plus reduces on the 
job t-^iining (OJT) time. 

We are enclosin<7 some brochures that nay >^ive you some insi.j^ht 
into our product line and at the same time assist you in your research. 



Fighting against preconceived idea^ 



know that 



(our company) customers 



GOOD luck: 



Thank you! 
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Qtiesti on nai T e on the S ale<t of C^oniptiters to 
bc'veluping CoiuiLrIc8 Lor hUuca L loiia I Pur poaea 



Name of the firm: 
Date- 



Please complete Part I first. Return the completed questionriaire not later 
than June 10, 1983 to Mr.Kwok-Wing Lat, Rm. A031, Duncan McArthur Hall, 
Faculty of Education, Queen* 8 Universi ty, Kings ton, Ontario, Canada K7L 3N6 , 
Thank you for your co*operation. 



Pare 1 

1. Have you ever sold any computer hardware to any deveb^^lng countries? 

(^YES^ NO 

If your answer is YES, pleaje answer questions in Part II. 

2. Have you ever sold any computer software to any aevelg^Jjig countries ? 

NO 




If your answer is YES, please answer questions in Part III. 

* Even if your answer for both questions are NO, it is importaiic to my 
research that this questionnaire be returned to me . 



part II • Computer Hardware 



Large Computing Mini* Micro- 
System Computer Computer 



1. QuariclLy of computer hardv/axe 
sold to developing countries 
for educational purposes (up to '83)? 



2. Price range? (in U.S.$) 



3. Is maintenance provided? (YES/NC) 



4. At what price' 
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5. Is training provided? (YES/NO) 

6. Cost of training. 

7. Is software provided? (YES/NO) 

8. List, in decreasing order, the 

1 nsti ttiti ons in the educational 
sector which have the highest 
demand of computer hardware. 
[e.^, ministry of ediz^ation, 
university, high schools, etc.) 

9. List, in decreasing order, the 
three developing countries which 
have the highest demand - " 
computer hardware for edt tional 
purp'ses. (up to 1983) 

Part III: Computer Software 



1. Quantity of educational software 
packages sold to developing 
countries. 

2. Price range (in U.S. $ ) 

3. Quantity of software packages 
leased co developing countries. 

^. Price range of monthly lease. 

5. Is training provided? (YES/NO) 

6. Cost of training. 

7. Is maintenance provide l? (YES/NO) 

8. At what price? 



Laiac CunipulLiiyr Mini- Micro- 

5 ^ yq rom Compn hrr Cnmpn tor 

Kto 



-^^s 

1. 1. 1. 

2. 2. 2. toU3^<5 

3. 3. 3. Joe s.cMrtfo^j> 



1. COuT^A^tft^ 

Large Computing Mint- Mtcro- 
System Computer Computer 

^j2uitL.QD 

- SOB 



ERIC 



133 



121 



ERIC 



T.inl, I li(> 111/1 jo r probloinH oncoiinLcrpd in at'lllnR coiiipiiior Iinrdwnrc 
.ind/or software to -'^veloping countries, 

^- "-^^^ cofl.g-c^r.vy 

2- \MpL) e--A-xtoO feAiZ.<LI^/A/ / Ibi. i' LOCAL. F;y^>^ TC 

Other comments/details: 



Thank you! 
END 
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Questionnaire on the Sales of Computers to 
Ueve loping Countries for Educational Purposes 

Name of the firm: ^ 
Date: 



Please complete Part I first. Return the completed Questionnaire not later 
than June 10, 1983 to Mr. Kwok-^Wlng Lai, Rm, A031, Duncan McArthur Hall, 
Faculty of Education. Queen's UnlveTslty. Kingston, Ontario, Canada K7L 3N6 . 
Thank you for your co'^operatlon. 



part I 

1 Ha^'e vou e^^er rcld any coiapatcr hardware to aay deve lgpiug couacriesV 

'^S^ NO 

If your answer Is YES, please answer questions In Part II, 

2. Have you ever sold any computer software to any develoBlng countries ? 

C^J > NO 

If your answer Is YES, please answer questions In Part III. 

fc.ven if your answer for both questions are NO, It Is Important to my 
research that this questionnaire be returned to me. * 



Part II ! Computer Hardware 



Large Computing Mini- Micro- 
System Computer Computer 



1. Quantity of computer hardware 
sold to developing countries 
for educational purpose? (up to '83)? 



2. Price range? (in U.S.$) 

3. Is maintenance provided? (YES/NO) 

4. At! what price? 



Vex? 
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5. Ts training provided? (YES/NO) 

6. Cost of training. 

7. Is software provided? (YES/NO) 

8. List, in decreasing order, the 
institutions in the educational 
sector which have the highest 
demand of computer hardware, 
(e.g. ministry of edt.ation, 
university, high schools, etc.) 



9. List, in decreasing order, the 
three developinf^ countries which 
have the highest demand of 
computer hardware for educational 
purposes, (up to 1983) 



Part III: Computer Software 

1. Quantity of educational software 
packages sold to developing 
countries. 

2. Price range (in U.S. $ ) 

3. Quantity of software packages 
leased to developing countries. 

Price rang'i .^f tponfhly lerse. 

5. Is training provided? (YES/NO) 

6. Cost of training. 

7. Is maintenance provided? (YES/NO) 

8. Pit what price? 



Large CompullnR Mini- Mlcro- 
Syfltom Computpr Compnror 



1. ^^JL_L. 



2. 


2. 






3. 





2. Zi^»vAaW<- 



Large Computing Mint- Micro- 
system Computer Computer 
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I.inI (hp in/1 jor prnhlfmn oncniin t orofi fn nolllnp, coinpiifor linrdwirc 

and/or software to developing countries. 

1. 

2. 

3. 



Other ccmments/de tails. 



Thank you! 
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^^ppendix C: List of Computer Maauf actur er s 

1. A P F Electronics Inc. 

2. Apple Co^nputer Inc. 

3 . Atar i , Inc , 

4. Bell ^ Howell Co. 

5. Burroughs Corporation 

6. Cor^nriodore Busi-^.ess Machines Inc. 

7. Computer Automation Corporation 

8. Control Data Corporation 

9. Datapoint Corporation 

10. Digital Equipment Corporation 

11. Education Computer Corportion 

12. Health/Zenith Corporation 

13. Hewlett-Packard Corporation 

14. Honeywell Inc. 

15. International Business Machines Inc. 

16. Na 1 1 o fial Semi^ondutor Corporation 

17. NCR Corporation 

18. Olivetti Corporation of America 

19 . Rad io Shack Inc . 

20. Sinclair Research Limited 

21. Sperry Univac Corporation 

22. Texas Instruments Inc. 

23 . Wang Laborator ies Inc • 

24. Xerox Corporations 
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APPENDTX D 



^ level 

CalL'^^lar^faJ^o^i^'^fSi^.^^^-' a, Bur.a, Burundi, 

Haiti, laos, ILothor Mie^ia''^'Lf''"''''^','^'°""^y' Ethiopxa 
Ewanda, Senegal, Somalia soulhPrnJo^' ^^P^^' Nijer 

upper Volta, Seaiern SaJca, Yelln "g^'-^^' 

lilitial t2 Basic 

Paraguay, saudi A«bi" Sierra ^'eria, Pakistan 

pui!;pioer"je^:?!ic''i?' K'oT.r^'n^^'^' 

Uruguay ^ oi Korea, Singapore, Taiwan, Tur).ey, 
^Sis tg O£eration^^ 

v"ilzS.i; «""9ary, Puerto Wco, «u»a«ia, 
2£er a t ioca 1 

Argentina, "India, Mexico 

Q£erationai to Advanced 
Brazil, Israel ~ 



Source 
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Levels of coii^uter ac tivit,^ 



LEVEL 



CKAFACTEBISTICS 



I nit ial 

Ihere are no operatiocal computers in the country k f^u 
nationals have had contact «ith computing. The 'inly local 
sources of information are computer salesmen. ^ 

Basic 

technology la the country. Computers are used m basi^ 
government operations. basic 

Cgerational 

imfttf ^Tecl^lL^'^^'V''^''^ computers in gov.rn.ent (and 
installLnon! centre.. Among the rumerous computer 

"n^res for '^'^ ^^"^^ n.achines. There^ are 

centres for educaticr and training il computer technoloav 

Advanced 

Most i^vernment ,3 rd administrative worR is carried out hv 
computers. There are well established proJessJonaJ activities 
and national meetings cr. computers. There is TcompUte ranjj'o? 

co^piL^s 'o?"n°si.r' programme... The 'dumber' of 

computers, of all sizes, is increasing raoidly. Time--hnriro 
teleprocessing and remote job entry a£e coiDm.r! There is de iaj 

have''hfen''°J °' h''' '""'""^ and 'sof c-are . '..any t^cinoJogl's 
have been changed or are in the course of being chanaed Net 
applications of computers are found regularly. TEe--e ir :trona 
participation in and contribution to internaUcnal actiJitils' ' 



Source 



l»- ^^^f^iSn of ioa.£uter Technolo^i for Development 

UN, Department of Economic and Social Affai^i — 

New York, 1971, [ i ] ' 
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